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VISUAL STUDIES OF RADIO FADING.' 


BY 


ERNEST MERRITT, TRUE McLEAN, AND W. E. BOSTWICK, 


Cornell University. 


In recent years there has been an increasing tendency to 
include under the general term ‘‘fading’’ not only the varia- 


tion in loudness of a radio signal but also changes in tone 
quality, in polarization, in phase—in fact changes in any of 
the characteristics of the radio waves by which the signal is 
transmitted. It is in this broad sense that the term is used 
in this article. In a few cases certain types of fading may 
perhaps be explained as the result of irregularities in the 
behavior of the transmitter. But in general the phenomena 
are undoubtedly caused by changes in the atmospheric con- 
ditions that prevail along the path, or paths, by which the 
electric waves proceed from the transmitter to the receiver. 
The study of fading phenomena thus has a double interest, 
since it is one of the few methods available for determining 
conditions in the atmosphere at points that cannot be reached 
by direct observation. 

The waves radiated from a broadcasting station ordinarily 
proceed to the receiving station by at least two different 
routes. The ‘‘ground wave”’ follows the surface of the earth 


1 The investigation of which this work forms a part has been supported by 
the Heckscher Foundation for Research at Cornell University. 


(Note.—The Franklin Institute is not responsible for the statements and opinions advanced 
by contributors to the JoURNAL.) 
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—approximately, at least, along the arc of a great circle. 
The “‘sky wave’’ proceeds obliquely upward from the sending 
station and reaches the observer after reflection from the 
Kennelly-Heaviside layer. During the day-time the sky wave 
is usually weak and transmission is almost entirely by means 
of the ground wave. But at great distances from the sending 
station the ground wave becomes so weak that it is a negli- 
gible factor and transmission is by means of the sky wave. 
In the case of short waves this condition exists at all distances 
except in the immediate neighborhood of the sending station. 
Under conditions which are not yet very well understood the 
sky wave may suffer repeated reflections back and forth 
between the Heaviside layer and the earth. And under other 
conditions, which are still less clearly understood, the signal 
seems to be carried by several different sky waves proceeding 
by different routes, but without multiple reflection, and 
uniting at the receiving station. 

Changes in the ionization of the atmosphere between the 
sending and receiving stations may affect the radio waves 
in three ways: (1) the amplitude may be changed because 
of absorption; (2) changes in the index of refraction of the 
air will alter the shape and effective length of the path fol- 
lowed by the waves; and this in turn will change the phase 
of the waves that reach the receiving station by the path in 
question; (3) because of the magnetic field of the earth there 
will be a rotation of the plane of polarization of each beam 
and a separation of the two polarized components by mag- 
netic double refraction. Since the response of the receiving 
apparatus is determined by the resultant field at the receiving 
station, and since the different wave trains which contribute 
to this resultant follow different paths and are probably 
influenced by atmospheric conditions to a different extent, 
it is clear that the phenomena of fading are likely to be very 
complicated. 

In order to utilize observations of fading to the best 
advantage as a means of studying the influence of atmos- 
pheric conditions on radio transmission we should be able to 
observe and correlate as many as possible of the quantities 
which serve to describe the resultant field at the receiver. 
The records of fading phenomena that have been most fre- 
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quently made show the variation from instant to instant in 
the intensity of the signal received by a vertical antenna. 
Such records give information regarding variations in the 
amplitude of the vertical component of the resultant electric 
field. By means of coil receivers—which, however, have not 
been very extensively used—it is possible to determine the 
variation in amplitude of the different components of the 
magnetic vector. But to describe the phenomena completely 
we must know the variation from instant to instant in the 
amplitude and phase of each of the components of the electric 
and magnetic vectors at the receiving antenna. 

A method has been described by two of the authors? by 
which it is possible to determine conveniently both the am- 
plitudes and the relative phase of two components of the 
resultant magnetic field at the receiver. The method may 
be readily adapted to the comparison of any two of the 
quantities involved. It is therefore possible in principle to 
make observations which give a complete description of the 
phenomena. While nothing so elaborate as this has been 
attempted in the work described in this paper, the method 
has been used extensively as a means of comparing two com- 
ponents of the field at a given point, or at neighboring points, 
in the attempt to gain a clearer understanding of the causes 
of fading and the relative importance of the known causes at 
different times. 

The observations reported in this paper were made with 
the signals from commercial broadcasting stations. Similar 
observations with short waves are in progress. 


APPARATUS AND OBSERVATION TECHNIQUE. 


The general plan of observations was to place the carrier 
wave (or an equivalent audible heterodyne which preserves 
the variations of amplitude and phase of the original signal) 
picked up by two antennz, upon the deflector plates of a 
cathode ray oscilloscope tube, and by observing the changing 
figures drawn on the fluorescent screen by the rapidly moving 
electron beam, to study the differential variations in ampli- 


* Merritt, E., and Bostwick, W., Proc. National Academy of Sciences, 14, 
p. 884, 1928. 
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tude and phase of the signals received at the two antenna.’ 
The requirements placed on the receiving system were as 
follows: 


1. Sufficient sensitivity must be provided to receive sig- 
nals from broadcasting stations within a reasonable distance 
under average daytime conditions, using directive loop an- 
tennz not too large to be conveniently portable. 

2. The receivers must have a selectivity good enough to 
separate the carriers of stations on adjacent channels when 
the signals being separated are of about equal intensity. 

3. Shielding and antenna coupling must be so designed 
that the only signal indicated by the receivers is that actually 
received on the loop antenna, unmixed with anything picked 
up anywhere else in the system. 

4. The receivers must be supplied in duplicate, and oper- 
ated with a common heterodyne; the method of introducing 
the common heterodyne must not introduce appreciable 
coupling between the individual receivers. 

5. The loop antennz must be readily portable over a flat 
open field for distances up to a thousand feet from the re- 
ceivers. 

6. The loop antennze must give true direction readings, 
and have no appreciable linear antenna pick-up. 

7. The feed-lines must be rugged and easily handled; of 
reasonable weight and cost, and easily portable. 


* Merritt and Bostwick, l.c. The method of determining the relative ampli 
tudes and phases of two waves by means of the corresponding beat tones from a 
common heterodyne was developed by one of the writers in 1918 at the Naval 
Experimental Station, New London, Conn., the main purpose then being to make 
possible an adaptation of the “‘binaural’’ methods of direction finding to radio 
signals. With other devices developed during the war by members of the sci 
entific staff it was later patented. (U.S. Patent No. 1,510,792. ‘‘ Methods and 
Means for Determining Phase Difference” issued to Ernest Merritt.) The pro- 
cedure used by the authors to make the method visual had been used by H. | 
Friis with short wave signals received on vertical antennz spaced about one third 
wave-length apart and has led to an interesting modification of the binaural! 
method in which phase differences are detected by the eye instead of the ear. 
(H. T. Friis, “‘ Direction of Propagation and Fading of Short Waves,’ Proc. 
I. R. E., 16, p. 658, 1928.) The combination of these two methods as used in 
the experiments herein described was developed by Merritt and Bostwick (/ 
. Merritt and W. ‘E. Bostwick, Proc. National Academy of Sciences, 14, p. 854, 
1928) and expanded to the present form by the authors. 
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8. The audible frequency amplifiers must not introduce 
either appreciable frequency discrimination or phase dis- 
tortion. 

9g. To secure sufficient amplitude in the cathode ray os- 
cilloscope the audio amplifiers must supply an output of 15 
volts maximum into an extremely high impedance load; and 
must have as much amplification as is usable. This means 
that the audio amplifier must have a maximum amplification 
great enough to make the detector tube and circuit noise just 
visible on the oscilloscope screen. 

10. The total amplification of the system must be adjust- 
able over a considerable range, and when once set must not 
change more than a few per cent during a period of several 


hours. 
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Schematic general layout. 


The general arrangement of apparatus is shown in the 
block diagram (Fig. 1). The antennz, radio receivers, and 
amplifiers are duplicated, supplied with a common hetero- 
dyne, and worked into an oscilloscope, the two complete 
channels each operating one pair of deflector plates. For 
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some of the work a Pierce electric compensator was inserted 
in one channel after the audio amplifier to alter the phase of 
one channel relative to the other by a measured amount. 
A considerable variety of types, locations, and directions 
of antennz were used in various combinations, but most o{ 
the work was done with balanced frame antennz of the kind 
frequently used with direction finding receivers. The de- 


Fic. 2a. 


At ae 


Fic. 2b. 


tailed circuits of two types of antenna connections are shown 
in Fig. 2. Diagram a is the original circuit, while ) shows 
the most recent improvements. In Fig. 26 the feed line was 
conductively coupled at both ends, the mutual inductances 
being adjusted to match the surge impedance of the cable 
when the networks were tuned to resonance. Only the volt- 
age induced in the loop is allowed to reach the amplifier. 
Linear antenna pickup of the unshielded cable and loop 
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as a whole is carefully balanced out at the amplifier input 
transformer, by means of a fine adjustment of the ratio of 
inductance to ground from each line wire, and an absorbing 
resistance. 

When it was desired to shift the observations rapidly 
from one station to another on a different frequency, aperi- 
odic loop antennz were used to save time. The aperiodic 
loops consisted of a single turn of wire on a light frame about 
1 meter square. The ends of the turn were connected di- 
rectly to the cable. With signals of average to heavy field 
strengths, good results were obtained, but with weak fields it 


FIG. 3. 
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Receiver circuit. 


was necessary to use tuned loops. Comparative tests indi- 
cated that the transmission loss in a 250 meter cable including 
the transforming networks at both ends was about 2.5 db 
as compared to the same tuned loop worked directly into the 
first amplifier. This is for the circuit of Fig. 2b. The loss 
for 2@ was about 1 db greater. The loss for the aperiodic 
loop as compared with a tuned loop of nearly the same size 
was about 20 db. 

A circuit diagram for one of the receivers is shown in 
Fig. 3. The receivers have several interesting features: (1) 
the screen-grid radio-frequency amplifier stage completely 
blocks off any feed from the common heterodyne or oscil- 
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lating detector to the antenna circuits; (2) the amplification 
of this stage is much higher than the values ordinarily realized 
in commercial receivers because the regenerative detector 
raises the resonant impedance of the plate circuit load of the 
screen-grid tube to almost any desired value.‘ The amplifi- 
cation of the stage therefore approaches the amplification 
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Oscillator circuit. 


factor of the tube, in this case from 300 to 400 voltage ratio, 
most of which is actually realized, because the application of 
regeneration to the input transformers has been found to 
result in small gain due to the fact that only the loss of the 
input transformer is thereby eliminated, and this is only a 
moderate portion of the entire transmission loss of the an- 
tenna system. Simple tuned impedance coupling was used 
because it gives the largest amplification. A regenerative 
detector circuit of the tuned grid and tuned plate type was 
used because of its high sensitivity and flexibility of control, 


Bees todd et wage 


4 See “Shielded-grid Pliotrons,”’ by A. W. Hull and N. H. Williams, Phys 
Review, April, 1926. 
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offering adjustable selectivity. A third interesting feature is 
the manner in which the separate heterodyne is introduced. 
A balanced transformer in a bridge type circuit introduces 
the heterodyne voltage from a shielded feed line to the de- 
tector grid, without introducing any coupling between the 
two receivers through the common heterodyne oscillator. 
The common heterodyne is supplied by a simple Hartley 
oscillator shown in Fig. 4. The only thing to note here is 
that the output is fed to the two receivers through two ordi- 
nary BX cables connected in parallel, the circuits being 
balanced by a ground at the center of the coupling coil. 
Voltages of the same magnitude and phase in the two detector 
circuits were insured by making the input circuits of iden- 
tical measured impedance, and cutting the cables to the same 


length. 
FIG. 5. 


Amplifier and compensator circuit. 


Fig. 5 details the audible amplifiers and delay circuit. 
The entire delay circuit was cut out for most of the observa- 
tions. Care was taken to adjust the voltages and circuit 
constants of the audible amplifier circuits to keep phase dis- 
tortion as small as possible. Tube overloading could be 
detected at once on the oscilloscope. When using the delay 
circuit the heterodyne frequency was adjusted to give a beat 
tone tuned to a standard tuning fork so that the phase angle 
of each step of the compensator could be computed. Cali- 
bration of the delay circuit was checked against computed 
values by means of an artificial signal. Tuning forks and 
steel bars were then adjusted to whatever pitch was necessary 
to give the delay circuit an exactly prescribed phase angle 
per step. The oscilloscope circuit is shown in Fig. 6. 
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OBSERVATIONS WITH CROSSED LOOPs. 


A partial separation of the ground and sky waves may be 
effected by using two loops, one of which, A, is mounted 
with its plane vertical and directed toward the sending sta- 
tion, while the other, B, is set in the vertical plane at right 
angles to this. 

Since a loop receiver responds only to the component of 
the magnetic vector that is normal to its plane, a signal in 
A indicates the presence of a magnetic field having a hori- 
zontal component at right angles to the line to the sending 
station, while the signal in B is due to a magnetic vector 
having a component directed toward, or away from, the sta- 
tion. It will simplify the discussion to make use of a system 
of rectangular codrdinates having its origin at the loop. Let 
OX be directed toward the sending station, OY the vertical, 
and OZ a horizontal line at right angles toOX. Then loop 4 
responds to H, and loop B to H,, these being the Z and \ 
components of the resultant magnetic field at the loop. 

In the case of short waves there is some evidence that 
at a great distance from the sending station the line of propa 
gation of the waves may sometimes deviate slightly from the 
great circle connecting the two stations. So far as we are 
aware, however, there is no indication of any such deviation 
in the case of the waves used in ordinary broadcasting, i.c. 
in the wave-length range from 200 m. to 600 m., and there are 
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many reasons for believing that if there is such a deviation, 
it is quite small. We shall assume therefore that the line 
of propagation of the waves lies in the plane XOY. 

In general the field at O will be the resultant of the fields 
due to three separate wave trains; i.e. the ‘‘ground wave”’ 
proceeding in the direction OX; the ‘‘sky wave” coming 
obliquely downward; and the reflected sky wave proceeding 
obliquely upward. The ground wave has its electric vector 
in the plane of incidence and vertical except for a slight for- 
ward tilt which may ordinarily be neglected. Its magnetic 
vector is therefore in the direction OZ and can produce no 
effect in the loop B. The sky wave may have its electric 
vector in any direction normal to the direction of propagation 
and in general is elliptically polarized. This is equivalent 
to regarding it as consisting of two polarized components 
which differ in phase, the magnetic vector of one component 
lying in the plane of incidence, and that of the other in the 
direction OZ. The latter component, both for the direct and 
reflected beam, will produce an effect in A which is super- 
posed on the effect due to the ground wave. On the other 
hand the component of the sky wave which has its magnetic 
vector in the plane of incidence will produce an effect in B 
only. 

It will be noticed that no signal will be received in B 
unless a sky wave is present; and in the case of waves re- 
ceived from a station not more than one or two hundred 
miles distant, the effect of the ground wave in loop A is 
usually considerably greater than that of the sky wave. 
When the two loops are connected to the oscillograph so that 
A produces a horizontal movement of the spot while B pro- 
duces a vertical movement we thus obtain a partial separation 
of the ground and sky waves which is always helpful and in 
many cases quite sufficient. 

In general the oscillograph figure was an ellipse, which 
might become a horizontal straight line if the amplitude of 
the signal in B was zero, a vertical straight line if the ampli- 
tude in A was zero, or an oblique straight line if the two 
signals were in phase. Before each observation the two re- 
ceiving channels were adjusted to give the same amplification 
and phase shift. This was done by placing the two loops 
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parallel and near together (but not coupled). The desired 
station was then tuned in, the amplification adjusted for equal 
amplitudes on the oscilloscope axes, and the phase shifts ad- 
justed to equality by fine tuning of the resonant networks un- 
til the figure on the screen was a straight line with an incli- 
nation of 45° from the axes. 

The oscilloscope figure gives a graphical indication of the 
conditions that lead to the ‘‘night errors”’ of a radio compass, 
which is often instructive. If the figure is a horizontal linc 
(Fig. 7a) the resultant magnetic vector is at right angles to 


FIG. 7. 
H 
‘ e! 
a b Cc d € 


the line to the station. In this case a vertical coil used as a 
direction finder will give the true bearing of the sending 
station. If the figure is elliptical (6 and c, Fig. 7) no position 
can be found for which the signal in a vertical coil is zero, 
and the radio compass must be set to a minimum. For the 
case represented in Fig. 75, the bearing will nevertheless be 
correct; but if conditions corresponding to Fig. 7¢ prevail the 
apparent direction of the station will be the direction of the 
minor axis of the ellipse and the bearing will be incorrect by 
the angle 6. If the ellipse becomes a circle (Fig. 7d) the 
signal will be the same for all settings of a vertical loop and 
the radio compass is useless. When the ground and sk) 
waves are in phase, so that the oscilloscope figure takes the 
form of a tilted line (Fig. 7e) we have the condition that is 
the most dangerous source of error; for while the radio com- 
pass will set to a sharp zero, the apparent direction wil! be 
at right angles to the resultant field and therefore in error by 
the angle ¢. 

On one occasion when the conditions were unusuall) 
steady, signals from station WHAM (Rochester, N. Y., about 
60 miles N.W. of Ithaca) gave an oscilloscope figure of the 
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type shown in Fig. 7e, which remained unchanged from about 
8 p.M. until 9 P.M., when we shifted to another station. Dur- 
ing this whole time a third loop, used as a direction finder, 
gave a sharp zero when set in the plane of the meridian. If 
we had not known that the true direction of the station was 
not west but northwest, the sharpness and constancy of the 
settings, and the complete absence of fading, would probably 
have led us to accept the indications of the radio compass 
with full confidence. Figures corresponding to all of the 
typical cases of Fig. 7 have been repeatedly observed. 

Observations with crossed loops were begun during the 
summer of 1928 and were continued, although with frequent 
interruptions, during the summers of 1929 and 1930. The 
apparatus was located at the base of a wooden tower near 
the center of Alumni Field, a level field about 750 ft. long 
in the East and West direction and about 2000 ft. wide (in 
N.S. direction). The A.C. current supply was brought to 
the tower in an underground cable. 

During the day time the oscilloscope figure is usually a 
horizontal straight line of constant, or very slowly changing, 
length. Day time transmission from broadcast stations is 
effected apparently chiefly by means of the ground wave— 
or, if a sky wave is present, its electric vector lies almost 
exactly in the plane of incidence.® Exceptions to this general 
rule are, however, not unusual. Almost all stations occa- 
sionally show an appreciable sky wave during the day time. 
And one station (WGY, Schenectady) has rarely been with- 
out a sky wave, even in the middle of the day, the vertical 
amplitude of the oscilloscope figure being usually from 10 
per cent. to 20 per cent. of the horizontal amplitude. 

As sunset approaches indications of a sky wave begin to 
appear. The horizontal line slowly pulsates, or tilts back 


*It must not be forgotten that a sky wave having its electric vector in the 
plane of incidence would not be detected by the method used but would appear 
as a part of the ground wave. Polarization with the electric vector in the ver- 
tical plane is to be expected in the case of most of the antennas used for broad- 
casting. Sky waves from such antennas would therefore produce an effect in 
loop B only in case they have gone high enough for the plane of polarization to 
have been appreciably rotated by the Faraday effect in the earth’s magnetic 
field. The presence of a sky wave which reaches the receiving station with an 
angle of incidence not far from 90 degrees seems not improbable. 
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and forth about the horizontal. In other cases it opens up 
into a narrow ellipse which changes in area and inclination. 
(See Fig. 8.) The time at which these changes begin varies 
greatly from day to day. Sometimes the figure shows large 
and rapid changes two or three hours before sunset, while 
on other occasions daylight conditions persist for an hour or 
more after darkness has set in.° 


Fie, 8. 
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When night conditions have been established—usuall) 
about an hour after sunset—the movements of the oscillo- 
scope figure are in general very erratic. The figure often 
gives the appearance of rotation in the plane of the screen, 
although the rotation is ordinarily not continuous but back 
and forth through a varying angle—usually less than 180 
degrees—and with varying rapidity. At the same time there 
is usually a continuous change in the vertical and horizontal! 
amplitudes. The two rarely change in synchronism. The 
vertical amplitude may go to zero while the horizontal am- 
plitude is large, or vice versa. Added to this we have phase 
changes, which still further alter the shape and orientation of 
the figure. 

Since the changes in the oscilloscope figure were usuall) 
too rapid to be recorded photographically, and too errati 
to be described by words, our method of recording them was 


* A striking instance of this variation from day to day in the time at whic! 
the transition occurs between day and night conditions was shown by racic 
compass observations made in connection with the solar eclipse of Jan. 24, 1925 
See E. Merritt, C. C. Bidwell, and H. J. Reich, JournaL oF THE FRANKLIN 
INsTITUTE, April, 1925. 
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to make rough sketches, at intervals of a few seconds, to 
show the variation in the shape and size of the figure as it 
passed through a sequence of changes. Several such se- 
quences, reproduced from our note books, are shown in Fig. 9, 


FIG. 9a. 
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atoe. Figure ga is typical of conditions where the changes 
occurred with no suggestion of system. In the sequence 
shown in Fig. 96 there is clockwise rotation combined with 
phase changes and amplitude fading, and changing toward 
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the end to rotation in the opposite direction. This was a 
very common type of sequence. In Fig. 9¢ the horizontal! 
and vertical vibrations (ground and sky waves) remained in 
the same phase during the greater part of the time, but show 
amplitude variations which seem to be quite independent of 
one another. Figures 9d and ge begin to show evidence of 
systematic changes involving both rotation of the figure com- 
bined with changes in size. 
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Sequences in which systematic changes are very definitely 
in evidence are shown in Fig. 10. Of these the sequence 10c, 
showing continuous rotation, and 10), showing periodic change 
in size without change in shape or orientation, are the most 
striking. They were also more frequently observed than any 
of the other systematic sequences, although rarely in as per- 
fect form as shown here. 
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In spite of the extremely irregular and erratic movements 
of the oscilloscope figure it is possible to make a few general 
statements which apply to all of our crossed loop experiments: 

1. Except possibly during the sunset transition period, 
amplitude fading, if present at all, is usually present in both 
the horizontal and vertical amplitudes. If big changes are 
observed in one case they are likely to be observed also in the 
other. And if the changes are particularly rapid (or slow) 
in the horizontal amplitude they are also rapid (or slow) in 
the other. 

2. When there is a change in the general character of the 
fading phenomena—e.g. if rapid fading changes to slow fad- 
ing, or if conditions causing large amplitude changes pass into 
conditions where only small fluctuations of amplitude occur 
—the change occurs gradually. Whatever the conditions are 
that determine the general character of the fading phenomena 
they change progressively, not discontinuously. 

3. If the oscilloscope figure for one station is unusually 
active in its movements the figures for other stations are 
likely also to show unusual activity. Or if the conditions are 
quiet for one station they are likely to be so for all. It is 
not unusual, however, for the stations to be grouped accord- 
ing to direction in their fading behavior. On several occa- 
sions, for example, we have found the oscilloscope figure for 
stations lying west of Ithaca nearly constant in size and shape 
at the same time that stations to the east gave rapidly chang- 
ing figures. 

4. When the oscilloscope figure is changing in shape and 
orientation, as well as in size, the changes in shape and ori- 
entation are often relatively slow when the figure is large and 
become much more rapid when the amplitudes are small. 

5. If for one station the vertical amplitude (‘‘sky wave’’) 
is larger (or smaller) than usual this is likely to be true for 
all stations. Here too, however, there is sometimes a group- 
ing according to direction. 

We shall refer later to certain difficulties that stand in 
the way of a complete explanation of the crossed loop obser- 
vations on the basis of the generally accepted theories. But 
in a general way, and considered from the qualitative stand- 
point only, the results are exactly what might be expected. 
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The absence of a sky wave during the day time is explained 
either by the increased absorption due to high ionization or 
to the fact that the Kennelly-Heaviside layer is so low that 
the plane of polarization is not appreciably rotated. The 
gradual appearance of a sky wave near sunset is due to the 
rise in the reflecting layer, and to the decrease in atmos- 
pheric absorption that result from the decreased ionizing 
power of the solar radiation. The time at which the transi 
tion to night conditions begins, and the manner in which it 
takes place, will be determined by the conditions in the upper 
atmosphere—e.g. pressure, speed and direction of motion. 
constitution (dust, moisture). After night conditions are 
established, changes in phase between the ground and sky 
waves are to be expected because the two follow different 
paths and along each of the two paths the conditions are 
continually changing. Amplitude fading, especially if slow, 
may be thought of as due to changes in the conditions that 
cause absorption. Rapid changes in amplitude may be 
accounted for as the result of interference between the ground 
and sky waves, sometimes additive and sometimes sub- 
tractive. This accourits very nicely, for example, for thx 
pulsating ground wave that is often observed as sunset ap- 
proaches. Rotation of the plane of polarization will often 
account in a very satisfactory way also for many of the ob- 
served amplitude changes. Since all the phenomena of fading 
are due to conditions in the atmosphere, the fact that all 
stations—or groups of stations in a given direction—tend to 
show similar behavior (Paragraphs 2, 3 and 5) is merely an 
indication that the conditions in the upper atmosphere are 
on any given occasion much the same over the whole country, 
or a large part of it. 

When these suggested explanations of the phenomena ar 
considered more in detail, however, they are found in many 
cases to be inadequate or to involve quantitative assumptions 
that are not admissible. Consider, for example, the behavior 
of the sky and ground waves as regards amplitude fading. 
In the vast majority of cases big or rapid fading of the hori- 
zontal amplitude of the oscilloscope figure is accompanied by 
big or rapid fading of the vertical amplitude (Paragraph |! 
above). Now changes in the amplitude of the horizonta! 
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vibration are readily accounted for by interference between 
the ground wave and that component of the sky wave whose 
electric vector is vertical. But if there is only a single sky 
wave changes in the vertical amplitude cannot be explained 
by interference; for the vertical vibration is caused by the 
component of the sky wave whose magnetic vector is in the 
line toward the station, and the ground wave has no com- 
ponent that can interfere with this. Amplitude fading might 
also be caused by a rotation of the plane of polarization of the 
sky wave and if due to this cause—combined probably with 
interference effects between the ground and sky waves—the 
fading would be about equally great for the horizontal and 
vertical amplitudes. But the two would be out of step— 
maximum vertical amplitude would occur when the hori- 
zontal amplitude is least, and vice versa. Cases when this is 
true do occur, but they are the exception. 

Although the movements of the oscilloscope figure were 
ordinarily quite erratic there were times when there was un- 
mistakable evidence of system. For example, on a number 
of occasions, about fifteen minutes after sunset, the figure was 
observed to rotate continuously in the same sense, sometimes 
changing at the same time from an ellipse to a line and back 
again. (See Figs. 10a and 9d.) No correlation was noticed 
between the rotation and the change of shape. The period 
of rotation was different on different occasions but was usually 
not less than 5 sec. nor more than 20 sec. As many as twenty 
complete turns have sometimes been counted in a period of 
a few minutes. Continuous rotation of this kind was some- 
times observed at night also but usually did not last as long 
as at sunset. At night a period of rotation in one sense was 
likely to be followed a little later by rotation in the opposite 
sense. At sunset no reversal of this sort has been noticed. 
In cases of rotation the length of the major axis of the figure 
remained nearly constant. 

There can be little doubt that we are dealing here with 
the same phenomenon that was detected by Parkinson’ by 
simultaneous observations of the signal intensity from two 
loops directed respectively toward the station and at right 


’ Parkinson, T., ‘‘Some Observations of Short Period Radio Fading,” Proc. 
Inst. Radio Engineers, 17, p. 1042, 1929. 
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angles to this direction, when it was found that for con- 
siderable periods the minimum signal intensity in one loop 
occurred at the same time as the maximum in the other.‘ 
The period, from 3 sec. to 30 sec., reported by Parkinson for 
this type of fading, agrees with that observed by us; and the 
time of occurrence (at sunset for Station WBAL and from 
15 to 30 minutes later for Station WJZ) is that at which we 
found a rotating figure most common. 

The phenomena seem to be best explained by rotation o/{ 
the plane of polarization due to the earth’s magnetic field 
If this explanation is adopted it is necessary, however, to 
assume very rapid changes in the length of the path followed 
by the sky wave. If the rotation occurs at the upper part 
of the path, where the electron density is presumably of the 
order 10°, one complete rotation * will be produced in case 
equals 400 m. in about 2000 m. In cases, where as many 
as 20 complete turns have been observed, we must therefore 
assume that the effective path length changes by as much 
as 40 km. in a few minutes. The time when these cases of 
continuous rotation were observed—shortly after sunset—is, 
however, exactly the time at which such rapid changes in 
path length are to be expected. 

A type of systematic fading that was of more frequent 
occurrence was characterized by changes in the oscilloscope 
figure of such a nature that the vertical and horizontal ampli- 
tudes changed in the same proportion, so that the figure, 
while changing in size, often quite rapidly, nevertheless, 
retained its shape. Cases where fading of approximately this 
type was observed were quite frequent. A case of almost 
exact constancy in shape is shown in Fig. 10d. 

It is difficult to see how fading of this sort can be ex- 


* With short waves the same type of effect is indicated by the fact that 
simultaneous fading records taken with a vertical and horizontal antenna art 
opposite in phase. Eckersley, T. L., “‘ Polarization and Fading of Short Wireless 
Waves,”’ Nature, 121, p. 707, 1928. Our own observations on short waves b) 
the visual crossed loop method (not yet published) show that a rotating figure 
is very common. 

. *See Peddersen, ‘The Propagation of Radio Waves,” p. 208, Copenhage' 
1927. The calculation is there made for w equals 10°, i.e. \ = 36m. The value 
here given is on the assumption that the distance corresponding to one rotatio! 
varies as w*. 
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plained on the assumption of a single sky wave. Interference 
between the sky and ground waves might cause the observed 
changes in the horizontal amplitude but could not affect the 
vertical amplitude. Changes in the absorption by the atmos- 
phere, even if sufficiently rapid, could not account for the 
observed effects unless the region of changing absorption was 
in the immediate neighborhood of either the sending or re- 
ceiving station, so that the sky and ground waves would be 
equally affected. This seems extremely improbable. The 
frequent occurrence of this type of fading is one of the strong- 
est of the reasons, of which there are many, for believing that 
sky waves reach the receiving station by several different 
paths and that interference between these different sky waves 
is an important factor in determining the observed fading. 


DIFFERENTIAL FADING BETWEEN STATIONS LESS THAN A WAVE-LENGTH APART. 


Simultaneous observations of signal strength at different 
stations have shown that even at stations only a few miles 
apart the fading may be quite different. In general such 
observations have shown that slow changes in intensity are 
likely to occur in approximate synchronism over a large area, 
but that with rapid fading synchronism is much less in evi- 
dence and may be entirely absent. It is sometimes found 
that the fading is quite different even at stations only a few 
miles apart. 

The visual method that we have employed lends itself 
especially well to the study of differential fading and has 
the advantage of indicating differences of phase as well as 
differences in amplitude. 

To compare the fading phenomena at two stations A and 
B a loop antenna was placed at each station and the signals 
were brought to the two receiving sets by cables. The two 
loops were in all cases parallel to one another, and were 
directed either toward the sending station or in the plane at 
right angles to this direction. 

The receiving sets and the mode of connection to the 
oscilloscope were the same as previously described. Thus the 
horizontal vibration on the oscilloscope was due to the signal 
received at A while the vertical vibration was produced by 
the signal arriving at B. By adjusting the amplification and 
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by slight changes in the setting of the first tuning condenser 
the two vibrations were adjusted both to the same amplitude 
and to the same phase. Any changes in amplitude or phase 
that occurred at A and B after this adjustment was made 
were then shown by a change in the oscilloscope figure. Thus 
if the fading was in every respect the same at the two sta- 
tions the figure would simply increase or diminish in length. 
remaining, however, a straight line inclined at an angle of 45 
degrees to the horizontal. If the signals at A and B remained 
in the same phase but changed in relative amplitude the line 
tilted back and forth about the 45 degree position. If a 
change occurred in the relative phase at the two stations the 
line opened out into an ellipse, 

On one occasion observations were made with the stations 
a whole wave-length apart. Usually, however, the distanc: 
between A and B was from /4 to 4/2. The loops A and 
B were so placed that the line joining the two either pointe: 
toward the sending station or was at right angles to this 
direction. 

In the case of short waves previous observations have 
sometimes indicated a deviation from the great circle path. 
But we do not know of any results which definitely suggest 
an appreciable deviation from this direct path with waves 
in the broadcast band (200 m. to 600 m.). The success of 
the methods used in producing directed radio beams makes 
it seem unlikely that the deviation can in any case be ver) 
great. It is probably very nearly correct to assume, there- 
fore, that when the line AB is directed toward the station 
both receiving stations are in the line of propagation of the 
waves, while if AB is perpendicular to this direction the two 
stations lie in the same wave front. 

Since it is a fundamental characteristic of a wave fron! 
that the phase is the same at all points, we should expect, i! 
A and B are in the line at right angles to the station direction, 
and therefore presumably in the wave front, that the oscillo- 
scope figure would indicate a constant phase relation between 
the two signals. In other words the figure, after being ad- 
justed to a straight line as indicated above, should remain a 
straight line. During the day time, with the loops set to 
receive the ground wave (i.e. with the plane of each loop 
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directed toward the sending station) the oscilloscope figure 
usually did remain unchanged for long periods. It was not 
unusual, however, for the line to tilt back and forth through 
a small angle. And even in the day time the line sometimes 
opened up to form a narrow ellipse. At night the changes 
in the figure were usually more marked and more erratic. 

It was noticed that when the figure indicated equality of 
phase and amplitude at the two loops the sky wave was either 
absent or small; and that the oscilloscope figure showed large 
deviations from a straight line only when the sky wave was 
of considerable intensity and subject to large fluctuations. 
Since a loop set to receive the ground wave will respond also 
to the vertically polarized component of the sky wave, it 
seems not unlikely that if it were possible to eliminate the - 
disturbing effect of the sky wave the ground wave alone 
would be found to behave in a perfectly normal manner. 

If the loops were set to receive the sky wave, observations 
during the day were difficult because of the small intensity 
of the signals. At night the signals were of ample intensity 
but the figure rarely showed any close approach to con- 
stancy either in shape or tilt. On frequent occasions the 
changes in the figure were so great and so rapid that it was 
difficult to tell from its appearance in which quadrant the 
original straight line adjustment had been made. In numer- 
ous instances the figure has been observed as a horizontal or 
vertical line—in other words the signal was zero at one loop 
at the same time that it was of normal strength at the other— 
only one third of a wave-length distant! On these same 
occasions phase differences as great as 180 degrees were fre- 
quently observed. It is clear that the propagation of the sky 
wave is so profoundly affected by the atmospheric conditions 
that it cannot ordinarily be regarded as a single wave train. 

Observations made with the two loops in the line of prop- 
agation lead to similar conclusions. In these observations 
also the loops were at a distance apart ranging from \/4 to 
\—usually about \/3. 

During the day time, and at night also in case the sky 
wave was of small intensity, the behavior of the oscilloscope 
figure, when the loops were in the line of propagation and 
set to receive the ground wave, was such as would be ex- 
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pected. If adjusted to a straight line at 45 degrees the figure 
remained unchanged for long periods. If the adjustment was 
made when the loops were close together and one loop, car- 
ried by a little cart, was then moved to a greater distance 
from the station, the figure went through the sequence shown 
in Fig. 11. To complete this sequence for station WGY 


Fic. 11. 
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* (A = 380 m.) required that the distance between the loops 


had been increased to 175 m. instead of to 190 m., as would 
be expected. The conditions did not remain steady long 
enough for this observation to be repeated. It seems to us 
probable that the difference is due to the fact that the con- 
ditions were not in reality entirely steady. Whenever the 
sky wave was of considerable intensity the behavior of the 
figure became erratic. There was every indication, however, 
that the disturbance was due to the vertically polarized com- 
ponent of the sky wave and that the behavior of the ground 
wave alone was still normal. 

With the two loops at a distance of from \/4 to d apart 
in the line of propagation, and set to receive the sky wave, 
there was always evidence of changes in the relative ampli- 
tude and phase at the two loops, and the changes in thi 
oscilloscope figure were often so rapid and erratic as to |x 
quite beyond description. On one occasion only were the 
conditions steady enough to make it seem worth while to 
observe the change in phase resulting from a change in thi 
distance between the loops. It was found that the phas 
difference increased less rapidly with the distance of separa- 
tion than when the loops were set to receive the ground wave 
This is to be expected in the case of waves approaching the 
earth obliquely. But the conditions were not sufficient!) 
steady to permit a reliable estimate of the angle of incidence. 

While in the case of most of our observations of differ- 
ential fading the behavior of the oscilloscope figure was t00 
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erratic to permit of interpretation, there were occasional 
instances of systematic and relatively simple behavior. For 
example, the form of differential fading that is illustrated in 
Fig. 12 was frequently observed when the two loops were in 
the wave front and set for the ground wave. The figure 
remained a straight line, except occasionally when the am- 
plitude was yery small; but this line changed continuously 
in length and inclination, and in such a way as to make the 
upper end of the line move along a rather narrow ellipse, 
occupying successively the positions I, 2, 3. . . . At the same 
time the lower end of the line moved around the symmet- 
rically placed lower ellipse 1’, 2’, 3’... . 

On one occasion (July 23, 1930, Station WHAM) when 
this type of fading continued from 7:41 P.M. to 7:47 P.M. a 
complete cycle at first occupied about 4 sec.; then the move- 
ment became slower and the amplitude changes less marked. 
In the course of six minutes there were several reversals 
in the direction of the motion, i.e. from the sequence I, 2... 
6, to the sequence 6, 5 . . . I and back again. 


Fic, 12. 


At 7:47 both loops were turned into the plane of the wave 
front so as to respond to the sky wave only. The figure was 
then found to rotate continuously, at the same time changing 
back and forth from a line to an ellipse and expanding and 
contracting, and with occasional reversals of the direction of 
rotation. A little later the figure shifted back and forth 
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through the same sequence as that shown in Fig. 11. This in- 
dicates a progressive change in the phase difference between 
the waves at the two loops, with no change in amplitude. 
In other words, if the electric vector at loop A is Ey cos 2rni 
that at loop B is E cos (2rnt + ¢) where ¢ = at. In other 
words if the frequency of one wave is m that of the other is 
n-+a/2r. The sequence of Fig. 11 thus indicates a sort of 
Doppler effect, which may be explained on the assumption 
that the two waves reach the receiving loops by different 
routes and that the effective lengths of the two paths are 
changing at different rates. 

On another occasion (Aug. 28, 1930, 5:45 P.M., Station 
WGY) with the loops 200 yds. apart in the line of propagation 
and both set to receive the sky wave, the figure was observed 
to be a straight line of nearly constant length which rotated 
continuously (see Fig. 13) making one complete turn in about 
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15 sec. In this case if the electric vector at one loop is 
A cos pt that at the other loop must be Bcos pi with 4 
i = E,cosnt and B= Epsinnt. n= 2r/15 sec.-' This 
might be interpreted as indicating that the waves received at 
the two loops were out of phase by 90 degrees and each sub- 
ject to a slow modulation. 

A more plausible explanation of this particular case, and 
one which seems to be applicable to all of our observations, 
is, however, the following: 

Unless the atmospheric conditions are remarkably steac\ 
we must expect considerable variations in the ionic densit) 
4 from point to point and from instant to instant. Probab) 
the ionic density is never a function of the height alone, but 
depends also upon the time and the position in the horizontal 
plane. The condition is one of turbulence, quite incapable o! 
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description in analytical form. It seems not unreasonable 
to draw an analogy between the electrical conditions in the 
upper atmosphere and the conditions in irregularly heated 
air. The radio waves will be influenced by these conditions 
in much the same way that light is influenced in passing over 
a hot stove. In the case of radio waves we have as an addi- 
tional complication the effects of magnetic double refraction 
and rotation. The result will be that where we might expect 
a simple wave front we find instead a complicated inter- 
ference pattern, which, if the conditions are steady, will con- 
sist of a fixed system of interference bands. It is quite 
possible that there should be additive interference at one 
receiver and destructive interference at the other. If we 
could investigate the conditions at different points in the 
interference pattern of a Michelson interferometer, or at the 
focus of a lens, we should not expect to find constancy of either 
amplitude or phase. If an interferometer were mounted 
above a hot stove the bands would probably disappear. At 
each instant there would still be a definite interference pat- 
tern—although probably a very complicated one. But the 
pattern would change so rapidly that in the case of light it 
could not be observed. In the case of radio waves every- 
thing is on a larger scale—even time—so that it is possible 
to follow the changes from instant to instant. 

According to this view the sequences which show evidence 
of system are to be found at times when the electrical con- 
ditions of the atmosphere are changing in a relatively simple 
way and, for the time being, at a fairly constant rate. The 
sequence of Fig. 13, for example, may be accounted for if 
the interference pattern consists of a series of equally spaced 
bands which are slowly drifting in the direction of propaga- 
tion, so that a band which was at first at loop A will be a 
little later at loop B. Such an effect might be produced by 
a drifting cloud of ionized air, or by a steady increase or 
decrease in the ionization of the stationary atmosphere. The 
phenomena exhibited in Fig. 13 form perhaps a rough elec- 
trical analogue of the shadow bands seen at the time of an 
eclipse. It seems probable that a good deal can be learned 
by a study of differential fading at near-by points. Simul- 
taneous observations, for example, with stations in the line 
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of propagation and in the wave front might enable us to 
determine the speed and direction in which the assumed 
ionized clouds are moving. 

Observations of differential fading with .short waves hay: 
been begun, but the amount of data accumulated is not ye 
sufficient to draw general conclusions. The absence of a 
ground wave in the case of short waves in some respects 
simplifies the interpretation of the observations. But on the 
other hand the experimental difficulties are greater. Obser- 
vations with both short waves and waves in the broadcast 
range will be continued. 


X-RAYS IN THE STEEL INDUSTRY:.' 
BY 


H. H. LESTER, 


Research Physicist, Watertown Arsenal. 


The present century now only thirty years old has wit- 
nessed phenomenal changes in science. The Electron Theory, 
The Quantum Hypothesis, The Bohr-Sommerfield atom, mod- 
ern developments of radiation theory have revolutionized our 
concepts of the physical universe. The rapidity with which 
our scientific knowledge is growing is marvelous. Great ad- 
vances have taken place in industry during this period. 
Buildings, bridges, machines, plants, have undergone tre- 
mendous changes. The tendency is toward greater size, 
greater complexity, greater power, greater output. The ra- 
pidity with which these developments have occurred is 
astounding. The vastness of the changes, the greatness of 
their effects on economic life can hardly be visualized.  Fif- 
teen years ago 300 lbs. per square inch was considered high 
steam pressure. To-day 1,200 lbs. per square inch is com- 
mon and 3,000 lb. pressures are being tried experimentally. 
Fifteen years ago 50,000 K.W. generators were dreamed of, 
but none had been made. To-day there is in construction a 
turbine that will take steam at 1,200 lbs. per sq. in. pressure, 
and discharge it into a vacuum and that will drive a gen- 
erator delivering over 200,000 K.W. The magnitude of this 
industrial machine may be realized better when we consider 
that the average load in Metropolitan Boston to-day is 
around 200,000 K.W. This single machine will be capable 
of delivering electrical energy to supply the needs of a city 
of 1,000,000 people. Illustrations of colossal growth could 
be selected from railway transportation, from chemical manu- 
facturing, from oil refining, from most of the fields of economic 
production. 

It is not accidental that parallel development occurs in 
science and industry. The two fields of human endeavor are 


' Released for Publication by Authority of the Ordnance Dept., U. S. Army. 
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related. Each responds to stimulus from the other. Prob. 
ably neither could develop without the other. Should prog- 
ress in the development of the machines of industry cease, 
stagnation in the progress of scientific thought would folloy 
and the evolution of civilization would be interrupted. It is 
vital to society that this progress should not stop and that 
industry continue its upward and onward trend. 

The engineer is the builder for industry. From a sure 
base of definite achievement he erects in his mental vision 
greater edifices, more powerful mechanisms. The concrete 
realization of his dreams requires building materials, the more 
important of which are metals, chiefly steels. For these h 
turns to the metallurgist. Consequent to the rapid develop- 
ment of modern industry there has been a rapid development 
of alloy steels. There has been, and is, an ever increasing 
demand for steels of higher and higher physical properties, 
and for steels of specialized properties. This demand has 
been met by studies to improve processes and to improve 
chemical compositions. Much of the investigative work has 
been purely empirical, partly because of the fact that in spite 
of the millions of tons of steel in daily use, its fundamental 
nature has not been well understood. In fact certain micro- 
structures in steel are to-day matters of controversial argu- 
ment. This lack of understanding of the nature of steel is 
no reflection on the metallurgists who have devoted years to 
its study, it has been due for the most part to the absence 
of adequate methods of study. Steel is very heterogeneous 
and highly complex. It owes its intrinsic physical proper- 
ties to microscopic and to submicroscopic structures within 
the metal. 

There has been developed in recent years new tools o! 
research that will permit the study of these fine structures. 
The microscope in the hands of F. F. Lucas has reached 
hitherto unexplored regions in the field of microscopy. Even 
his remarkable achievements, however, have failed to picture 
the finest structures in steel. There has been needed an 
instrument of even greater resolving power. Such an instru- 
ment is found in the X-ray diffraction apparatus. This tool 
makes possible the charting of relative spatial arrangements 
among atoms themselves. X-ray studies of metals have 
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been so fruitful during the past few years that the American 
Society for Testing Materials has recognized a new branch of 
metallurgical science, X-ray Metallography. 

The empirical results of applied research are reflected 
quickly in modified manufacturing technique, and in the 
development of new products. Such research serves industry 
directly. The more fundamental theoretical research may 
not serve directly in the solution of production problems. 
It aims to increase the sum of knowledge regarding basic 
facts and principles. It serves pure science. The X-ray 
diffraction method for the study of metals comes within 
the category of fundamental rather than applied research. 
Its more important achievements do not affect production 
directly, but do supply much needed basic information that 
will guide and direct applied research. To illustrate, X-ray 
diffraction studies do not give specific information about the 
hardening of copper, but they do give very definite informa- 
tion as to the nature of hardness. With this information, it 
is possible and probable that copper will be hardened as 
effectively as aluminum has been. The actual hardening of 
copper will be a problem in applied research. 

In the hands of such men as Hull, Davey, Bain, Jefferies, 
Archer, McKeehan, Clark, and a host of others in this coun- 
try and abroad, this new tool has already produced remark- 
able results in clearing up the mystery that has enshrouded 
steel. We know now the nature of hardness. We know why 
steels are strong or weak. We have a clear picture of a solid 
solution. We know how metals flow in plastic deformation. 
A few tenths of one per cent. of carbon added to iron changes 
iron, a relatively weak substance to steel, our strongest build- 
ing material. This fact has been known for centuries. We 
can state pretty definitely now the exact réle of the carbon 
atom in this transformation, and the’ part it plays in the 
quenching and tempering of steel. 

Such a powerful tool deserves description. Figure 1 
shows one arrangement of X-ray tube, metal specimen, and 
photographic film. The X-ray beam is passed, in this case, 
across the surface of the metal. The rays are diffracted from 
many small crystals in the metal and diffracted beams from 
different atomic planes in the crystals are registered at dif- 
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ferent points on the photographic film. Figure 2 is a drawing 
taken directly from developed photographic films, showing 
typical X-ray crystal spectra from two steels. The diagram 
shows the arrangement of the iron atoms in the crystal pat- 
terns. This pattern was worked out from measurements o! 
the relative positions of the spectrum line. The P.J was 
found to have a slightly enlarged crystal unit, due presum.- 
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Specimen 
Hull diffraction tube slit system, and diffraction camera. X-rays proceed from the 
of the X-ray tube. After passing through a slit system that constructs the rays into a flat b« 
they pass over the surface of a metal specimen. The minute crystals in the surface reflect the | 
of the beam at different angles according to the different plane systems in the crystal. The : 
flected rays pass through a filter dnd are caught on a photographic film that is bent aroun 
cylindrical surface that has the surface of the metal specimen in its axis. 


ably to the presence of an alloying constituent that was held 
in solid solution in the iron. Figure 3 illustrates spectra from 
three different steels. One is a plain carbon steel, one a 
13 per cent. manganese steel, and the other a tool steel. The 
first line marks the positicn of the undeviated beam, th: 
other lines represent images from the rays diffracted by differ- 
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ent atomic planes. Measurements of these positions relative 
to the undeviated line give data that permit the construction 
of the crystal patterns. Some idea of the magnitudes in- 


SOLID LINES--——SHOW ARRANGEMENT Of IRON ATOMS“ 
IN ORDINARY |RON AT ROOM TEMPERATURE. 
DOTTED LINES~------ SHOW ARRANGEMENT OF IRON A 
IN P2J SPECIMEN AT ROOM TEMPERATURE. 
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Drawings made from two films showing typical X-ray crystal spectra. The heavy line to 
the left is the image of the undeviated beam. The lighter lines represent reflections from different 
atomic plane systems in the crystal. The table of measurements for four of the lines gives the 
relationship between the film magnitudes and the corresponding magnitudes within the metallic 
crystals. This figure illustrates also a practical application of diffraction data. The P3J specimen 
showed peculiar physical properties. This was traced to a different sized crystal pattern pre- 
sumably due to the fact that the P2J specimen contained an impurity that was in solution in the iron. 
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Drawings from diffraction films. Crystal spectra from three different steels. The atomic 
arrangements in the crystal patterns worked out from films A and B are shown drawn to scale. 
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volved may be gained from a study of the table in the figure. 
With a good film different readings of the line positions can 
be duplicated within about + .o10 inch, for a line corre- 
sponding to that marked D in the figure. The error in 
measurement is approximately + .1 per cent. The 10.98y 
inches on the film converted to interatomic spacings within 
the crystal means .00000000221 inch or .561 angstrom unit 
(I angstrom = 1 X 10°*cm.). This measurement is certain 
to + .I per cent. that is to + .005 angstrom unit. An iron 
atom has a diameter of 2.48 A. This particular measure. 
ment is in error by approximately + 1/500 of an atom diam- 
eter. It is interesting to compare these magnitudes with 
those obtained by microscopic examination. F. F. Lucas 
obtains useful magnifications up to 4,500 diameters. That is, 
he can distinguish distances on the ground glass of the camera 
corresponding approximately to 1 X 107° inches in the metal 
itself. Under favorable conditions, as illustrated in Fig. 3, 
the X-ray diffraction method will distinguish distances as 
small as 5 X 107" inches. That is, the X-ray in this sense 
is 100,000 times more sensitive than the microscope. Such 
a tool is worthy of respect. 

In the above it has been attempted merely to illustrat 
some of the possibilities of this method of study. A complet: 
discussion could not be attempted within the limits of this 
paper. The Hull-Debeye type of diffraction spectra shown 
in Figs. 2 and 3 is only one of the kinds of diffraction patterns 
that is obtainable. Another that promises to be equall) 
important is the Laue pinhole pattern developed in this coun- 
try largely by Prof. G. L. Clark of the University of Illinois 

Steels of greater and greater intrinsic merits are required 
to carry the modern loads. X-ray studies, such as we hav 
described, permit understanding and eventual control of th: 
fundamental factors that make steel strong and durable. 
But when the new steels are developed their superior proper- 
ties can be realized in practice, only if the structural units 
made from them are sound. No forging or casting is stronger 
than its weakest vital section. Cracks, nonmetallic inclu- 
sions, blow holes, etc., must be eliminated in order that thos: 
units may render in actual use the service of which the meta! 
is inherently capable. 
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There is an additional reason for the elimination of gross 
defects in steel building units. The urge that drives industry 
toward ever greater manufacturing units is economic. It 
must have not only greater output, but also greater efficiency 
of output. The colossal machines of to-day demand not only 
good steel, but complete assurance of dependable service in 
the units made from that steel. A 200,000 K.W. generator 
cannot be shut down to replace a broken casting or other 
structural unit. It costs too much to interrupt that amount 
of production even for a moment. The casting or forging 
Must Not Fazal. 

FIG. 4. 
THE GENERAL CASE 
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_ X-ray photography. Schematic diagrams showing how defects in steel are photographed by 
X-rays. A, B, C, and D represent the anode of an X-ray tube. The cavity acts really as the 
aperture of a pin hole camera. When it is very small the image formed is really that of the active 
area of the anode surface. When it is larger an image of the cavity results. 


Here again the X-ray is of service. Castings and welded 
structures have in the past been peculiarly subject to gross 
defects. These defects hidden within the metal may be 
photographed by means of X-rays, in much the same way 
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that the physician photographs a broken-bone, or the dentist 
X-rays defective teeth. Figure 4 illustrates how such pic- 


FIG. 5. 


_ . Cracks. These occur frequently in cast steel due to cooling stresses set up in the metal 
it has solidified, but while it is still “tender.” Usually there is not a single crack, but a syste! 
of cracks as shown above. 


tures may be obtained. Figures 5, 6, 7 illustrate typical 
X-ray negatives of casting defects. At present commercially 
available apparatus can be used for practicable application 
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of the method to steel sections up to 3 or 33 inches in thick- 
ness. To get pictures through this thickness requires poten- 


FIG. 6. 


_., Spongy metal. Metal occupies more volume in ihe liquid state than in the solid. When it 
solidifies a definite cavity may be formed (see Fig. 7), or there may be a region that contains many 
minute cavities as in the case illustrated here. 


tials on the X-ray tube of around 250,000 volts. Dr. Coolidge 
is developing a new tube that can be operated at potentials 
of 900,000 volts. This tube will increase greatly the thick- 
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ness of metal that can be radiographed. At the Naval re- 
search laboratory Drs. Mehl, Dean, and Barrett have been 


FIG. 7 


Pipe. Molten metal is fed into the casting while it solidifies. Sometimes feeding is im 
and pipes occur, either as definite cavities as shown above or as spongy regions illustrated in Fig 


successful in using gamma rays from radium in photogr raphing 
gross defects in ten inches of steel. This development is 4 
very important one and may supplant X-ray methods ‘v1 
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examining heavy sections, though probably it will not do so 
for light ones. 

The radiographing of gross defects in castings has been 
used extensively in recent years as an inspection method for 
eliminating unsound units. It has been used more econom- 
ically to develop manufacturing technique that will produce 
sound castings. In the past few years the development of 
the art of welding, particularly electric welding, has given 
the engineer a new form of construction. In many fields 
castings have been supplanted by formed and welded steel 
plates. The time is approaching when the riveting of steel 
buildings with its accompanying noise will be discontinued in 
favor of welding. But the welds will have to be completely 
dependable. 

Radiographic tests are now being used for searching out 
defects in welds as they are for the examination of castings. 
Figure 8a shows a photograph of a weld that from visual 
inspection seemed to be a remarkably good one. Figure 8d 
shows the X-ray picture of this weld. It was a remarkably 
poor one. Figure 8c shows the conditions after developing 
the welding technique under X-ray control. Incidentally it 
may be remarked that the weld from which 8c was taken 
resembled the first one so closely that it would have been 
difficult to distinguish them by visual examination. 

This application also is used most economically to develop 
technique. It is better to make good welds than to reject 
bad ones. The X-ray control of welding practice, however, 
differs somewhat from the similar control of casting practice. 
In the latter case, such factors as proper size and location of 
gates and sinkheads, proper core strength, proper venting of 
sand molds, etc., are sought. These are fixed conditions, and 
once determined are not subject to variation. In the case of 
electric arc welding, the factors sought are proper size and 
type of welding rod, proper angle of holding the electrode, 
proper current and voltage in the arc, etc. Most of the 
factors are not fixed conditions, but are subject to variation 
by the operator during the operation. For this reason X-ray 
control of welding technique is of more personal application. 
It forces the operator to be acutely conscious of his work 
at all times, and to give it the closest attention. It develops 
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2 Development of welding technique at Watertown Arsenal. A. Photograph of a w 
judged by visual inspection was particularly good. 3B. X-ray picture through this wel 
black spots represent gas cavities. Judged by X-ray inspection the weld was particular 
C. X-ray picture taken after development of proper technique. This weld resembled ‘ 
one so closely that it would have been difficult to distinguish them by a visual examinatio: 
metal of the weld was found to be sound. The weld was nearly perfect. 
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the welder. This is of great importance. It is not prac- 
ticable, at present at least, to test the welds of a steel building 
other than by visual inspection. This inspection, however, 
is sufficient if it is backed up by a knowledge of the welding 
rod, the current and potential used, and a knowledge of the 
ability, and the character of the welder. 

In the foregoing, the writer has attempted to point out 
in a general way that X-rays have become exceedingly im- 
portant to the steel maker and user. Industry, which is vital 
to our civilization, depends on steel. It has been erected 
on a foundation in which steel is of dominant importance. 
The skeleton of its super structure is steel. Its future devel- 
opment depends on steel or a hypothetical steel substitute. 
Steel must be improved to meet the growing demands of a 
new age. This improvement, as far as it is possible to pre- 
dict the future, will result largely from fundamental infor- 
mation that has been or will be obtained by means of X-ray 
diffraction studies. It is one thing to produce good metal, 
it is another to use it most efficiently. The efficient use of 
steel is as important as the making of it. Here too the X-rays 
function. By means of radiographic tests the engineer and 
the ultimate user may be assured that the intrinsic merits 
of the metal will be realized in actual performance. 
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A Determination of e/m for an Electron by Direct Measurement 
of the Velocity of Cathode Rays. CHARLOTTE T. PERRY AND F. |. 
CHAFFEE. (Phys. Rev., Vol. 36, No. 5.) Though many methods 
of measuring the ratio of the electrical charge of an electron to its 
mass when at rest have been used they fall into two classes, i.e. (v 
those made with electrons free from atoms and molecules such as 
cathode rays, photo-electrons and 8-particles, and (b) those in which 
the electrons were within atoms, such as used the Zeeman effect and 
spectroscopic data. The two methods do not give identical! values 
for the ratio which has become one of the most important of physica! 
quantities. The first gives 1.7689 X 10’ abs. em. units and the 
second 1.7608 X 10’ units. 

In the apparatus employed by the authors cathode rays are 
projected by the voltage of batteries along the axis of a vacuum 
tube placed parallel to the earth’s magnetic field. After going 
through a small hole in a diaphragm they pass between two plates 
parallel to the axis of the tube. These plates are joined to a high 
frequency oscillator. Those rays which traverse the alternating 
electrostatic field between the plates when its value is zero are not 
deflected but continue along the tube with no change of direction 
Rays arriving at other times are deflected and eliminated } 
screens. Seventy-five cm. farther along in the tube is a second pai 
of plates joined likewise to the oscillator but the two electric fields 
have a phase difference of 180°. Only the undeflected rays traverse 
the second field. If they reach it when its value is zero they again 
pass without deflection and make a spot on a fluorescent screen 
The condition for absence of deflection as shown by a centrall) 
located spot is that the electrons travel the distance between the 
two fields in half a cycle of the oscillator, or in any multiple thereo! 
The oscillator was kept at constant frequency by comparison wit! 
an oscillating crystal of frequency 1,680,890 cycles per sec. Thi 
location of the spot was adjusted by varying the voltage applied to 
the electrons before reaching the first field. The velocity of the 
electrons ranged from .6 X 10" cm/sec to .8 X 10" cm/sec. 

The computed average value of the ratio is e/m = 1.761 X 10’ 
abs. em units. This agrees very closely with the results previous!) 
obtained by using electrons inside of atoms, and not as might have 
been expected with the result coming from such free electrons as 
were used in the arrangement from which the result was obtained 
ae. 2 


RECENT DIELECTRIC CONSTANT THEORY AND 
ITS RELATION TO PROBLEMS OF 
ELECTRICAL INSULATION.* 


BY 


JOHN WARREN WILLIAMS, Ph.D. 


Modern physics teaches that electricity is a fundamental 
constituent, if not the whole content, of all matter. The 
negative electricity consists of electrons or individual atoms 
of electricity, which always are of uniform mass (9.04 * 1078 
er.) and of like charge. They are assumed to be the carriers 
of electricity. Positive electricity, on the other hand, differs 
in that there is no evidence for the existence of carriers of 
less than atomic mass. These positive charges are now 
assumed to be multiples of a unit, the hydrogen atom, which 
carries a charge equivalent to that of one electron. In other 
words, electricity and matter consist of protons and electrons, 
the former being charges of positive electricity and the latter 
of negative electricity. However, while electrons which have 
been dislodged from atoms may pass readily from one body 
to another, it is found that the protons are associated with 
atoms and have a mobility of an altogether different order 
of magnitude. 

Molecules are composed of these positively and negatively 
charged particles in such numbers that they are ordinarily 
neutral as a whole. Such a body may become charged in 
many ways, and is defined simply as one in which there is an 
excess (or deficit) of negative electrons. The distinction 
between one type of insulator and conductor as regards the 
phenomena of induction and conduction depends essentially 
upon the fact that in the conductors there is a large number 
of the free dissociated electrons which can be pulled about 
from one part of the medium to another under the action of 
forces exerted from other electrified bodies, while in insulators 
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resented at the Third Annual Meeting of the Committee on Electrical 
Insulation of the National Research Council at Washington, D. C., November 7, 
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the number of these free electrons is comparatively smal! 
Any process which will reduce the number of free electrons 
will reduce the conductance of a material, thus certain forms 
of sulphur and selenium are poorer conductors in the dark 
than they are in the light because electrons are freed by the 
latter. It appears, therefore, that in order for a substance of 
this kind to be a good insulating material it is necessary to 
keep the number of free electrons as low as possible. 

There are many insulating materials in which dielectri 
absorption and dielectric loss are believed to depend upon thy 
mobility and adsorbability of ions which happen to be present 
Also, it has been suggested in a number of places that al) 
sorption and loss in other dielectrics are much more complex 
than such mechanisms would lead one to believe, and that 
even if there were no free electrons or ions present a loss 
could be due to the dielectric polarization and orientation 0! 
the neutral molecules themselves. Joffé' and his students 
insist they have found that if the conductance is properly 
measured it explains all the dielectric loss, except that 
obviously due to inhomogeneity of the dielectric in th 
Maxwell-Wagner sense, but this point of view has been 
adversely criticized by Smekal * and many others. 

Different investigators seem agreed that no substance is a 
perfect insulator. The best insulators are amber, transforme: 
oil, glass, quartz, air, silk, certain of the synthetic resins, and 
rubber. Dry wood, paper, and cotton are less efficient. |! 
one stops to think how much actually is known concerning 
the structure of these materials it is not so strange after all 
that various investigators are not agreed as to the mechanism 
of dielectric loss. If there are different mechanisms by which 
such a loss may result one may operate in a crystallin 
dielectric at a high frequency and low temperature and in 
the absence of moisture while another may contribut 
practically the entire loss in an amorphous material at a !ov 


frequency and in the presence of considerable moisture. 0! 


the dielectrics mentioned some are definitely crystalline in 
nature, but it seems as if the majority would have to b> 


1 Joffé, Z. Physik, 62, 730 (1930); ‘‘The Physics of Crystals,” Mc' 
Hill Book Co., New York, 1928. 
2 Smekal, Z. techn. Physik, 8, 561 (1927); Z. Physik, 45, 869 (1927) 
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considered as amorphous and moisture absorbing materials. 
| would like to emphasize, therefore, the importance of the 
study of dielectrics from the standpoint of their actual 
structures. We must learn about the sizes and shapes of the 
individual molecules, we must learn about the manner in 
which these molecules are aggregated to form particles, and 
we must discover the manner of arrangement of these aggre- 
gates. The first is a problem of molecular physics while the 
others are problems of colloid chemistry. Definite progress 
is now being made in these directions, indeed so much is 
being done that I could hardly hope to outline it completely 
in the space at my disposal. Its importance does seem to 
justify the detailed consideration of certain of the methods 
in this paper. 
THE STRUCTURE OF MOLECULES. 


There have been made available a number of methods by 
which the sizes and shapes of molecules may be studied. 
Among them may be mentioned: 

1. The relationship between surface tension and temperature. 
2. Studies of crystals by means of X-Rays. 
Pe | 


. Electron and X-Ray interference measurements with single 
molecules and with liquids. 

. Analysis of infra red and Raman spectra. 

5. Variation of dielectric constant with temperature and 
frequency. 

In view of the fact that the bulletins which have been 
sent to the various members of this committee have contained 
numerous references to the dipole theory of Debye a discussion 
of some of its cardinal points seems pertinent. No attempt 
will be made to cover the already vast literature of this 
subject, rather the purpose will be to indicate the type of 
information which it may make available by a careful con- 
sideration of a few specific cases. 

The characteristic feature of a polar molecule is a distance 
of separation between the centers of gravity of the two equal 
and opposite electrical charges. The polarity of a molecule 
becomes less as these centers of gravity in a molecule approach 
each other. A molecule in which there is a zero distance 
between the centers of gravity is non-polar. The electric 
moment of a molecule, defined as the product of the charge 
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by the distance of separation between the centers of positive 
and negative electricity, is a quantitative measure of the 
polarity of a molecule. When a molecule possessing an 
electrical dipole is placed in an electrostatic field it will be 
affected in two ways by it. There will be a polarization by 
orientation, and there will be a polarization by deformation 
Both polarizations will contribute to the dielectric constant. 
They are defined in the following way: All the molecules 
will tend to set themselves in a direction in opposition to the 
field, just as the elementary magnets do in a magnetic field 
according to the so-called molecular theory of magnetism 
except in the latter case it is not assumed in the theory that 
the elementary magnets are molecules in the chemical sense 
In the electrical case we cannot expect to get complete 
orientation for several reasons—the tendency to orient will 
be opposed by thermal agitation and by the influence of th: 
field of adjacent dipoles, and the field intensity necessary to 
produce such a saturation will ordinarily be considerabl\ 
higher than the dielectric will stand. In addition to this 
orientation effect the molecules will be distorted because o! 
the effect of the field in displacing its atoms and electrons. 

It is found that the polarizability, a, the quantity which 
relates the average moment of one molecule, m, with the 
actual electrical intensity acting upon it, F, according to th 
equation 

m= aF 


may be represented by a formula of the type 


” 


2s. 
3kT’ 


where ap is a constant factor which takes care of the disto: 
tion effect 


a= aot 


and aT is a factor, dependent upon the magnitude of th 


electric moment, yu, the absolute temperature, / 
and a numerical quantity. This factor takes car 
of the orientation effect. 


For practical purposes it is convenient to express this 
equation in terms of the molar polarization, P, by multiplying 
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by the universal factor 3 -N. Thus, 


47 we s 
P= 3 uM + eT (3) 
The molar polarization can be determined quite readily, if 
one is willing to assume the validity of certain assumptions 
concerning the internal field made by Clausius and Mosotti, 
by measuring the dielectric constant, e, and density, d, for 
suitable systems. The Clausius-Mosotti equation is as 
follows: 


(4) 


Measurements of the dielectric constant of gases and 
vapors are important because in this case there is no doubt 
that the molar polarization can be calculated by the formula 


e—I M 
3 d 


To determine whether or not a molecule is polar it is simply 
necessary to measure the dielectric constant and density at 
different temperatures. If P, calculated from Equation 5, is 
independent of temperature the molecule is non-polar, that is, 
its electric moment is zero. On the other hand, if P depends 
upon temperature the molecule is polar. Equation 3 indicates 
that if P is plotted as a function of 1/T a straight line should 
result. Expressing the experimental results by means of the 
formula 


P = (5) 


the electric moment of a molecule can be calculated because 
it can be shown that 


b= st ye: 
3 3k 
Such measurements have now been made by a number of 
investigators. 

Unfortunately the electric moment of every molecule 
cannot be determined in this way because many substances 
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cannot readily be obtained in the vapor state. It is possible. 
however, to study the dielectric constant and density o{ 
dilute solutions of polar molecules dissolved in a solvent 
which is known to be non-polar and feel reasonably sur 
that the Clausius-Mosotti equation will give the total polari. 
zation, since the only interaction of importance will |y 
between the polar molecules and the surrounding non-pola: 
molecules of the solvent. In this way measurements of th 
polarity of a molecule become actually very simple. In th 
case of such a solution Formula 4 assumes the form, 


P ae a= J SLM + foM2 
»% es d 


where P,;, » = molar polarization of the solution, 
fi, fz = mole fraction of solvent and solute, respec- 


= fiP; + foPs, 0 


tively, 
M,, Mz = molecular weight of solvent and solute, re- 
spectively, 
and P,, P: = molar polarization of solvent and solute, r 
spectively. 


Since the molar polarization of the solvent may be assume 
to be always proportional to its mole fraction in solution th 
molar polarization of the solute, or molecule whose electri 
moment is sought, may be determined as a function of its 
concentration. We are directly concerned in the present 
discussion only with the limiting value of P. which is reached 
in infinitely dilute solution, because this represents the molar 
polarization of a free polar molecule not in interaction with 
other polar molecules of any kind whatsoever. It is just this 
extrapolation which makes permissible the use of the Clausius 
Mosotti law in these particular solutions. 

As a matter of fact it is possible to obtain a quite exact 
result for the electric moment of a molecule by making 
dielectric constant and density measurements for these dilut 
solutions at a single temperature because the polarization 
due to deformation of the polar molecule may be separated 
from the total polarization by means of the Lorentz-Lorenz 
formula. This separation involves the use of an alternating 
field of sufficiently high frequency. Under such conditions 
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the molecules will not have time to set themselves parallel 
to the field, and a smaller value will be found for the dielectric 
constant, in which only the distortion effect comes into play. 
Light waves are ordinarily used as the alternating field, so 
that the quantity actually measured is the refractive index. 
It is necessary to use the refractive index for infrared radi- 
ation, because if visible light is employed the vibrations are 
so rapid that only the electrons can be distorted and the 
contribution of the atoms will form a part (ordinarily a 
relatively small one in the case of a polar molecule) of the 
remainder, that is of the apparent polarization due to orien- 
tation. 

One is not surprised at the intimate connection between 
electric moment data and the structure of molecules because 
after all the electric moment measures the symmetry, or lack 
of symmetry, of that fundamental constituent of matter, 
electricity. Thus, if we start with the ordinary picture of 
the carbon atom with its four valences directed toward the 
corners of a regular tetrahedron we expect that methane and 
carbon tetrachloride will be non-polar, not because of the 
absence of polar linkages or polar atoms but because of the 
resultant electrical symmetry. The validity of the assump- 
tion concerning the direction of the four valences is indicated 
by the fact that these molecules are found experimentally to 
be non-polar. One can likewise draw important conclusions 
concerning the structure of benzene from a study of the 
electric moment of this molecule and some of its simple 
derivatives. The fact that certain para-disubstituted ben- 
zenes and certain symmetrically tri-substituted benzenes have 
zero moment indicates that its six carbon atoms must lie 
practically in a plane. 

The data for a number of derivatives of benzene, with 
their interpretation in terms of the structures of the several 
molecules, have been given in a number of places. From 
these data it has been possible to draw certain conclusions 
concerning the inclination of various groups to the plane of 
the benzene ring, and to study the interaction between the 
groups. But, as far as the author is aware there has not 
appeared a corresponding systematic study of the electric 
moments of methane and its derivatives of various sorts 
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although it seems to offer interesting and important infor- 
mation. May I therefore describe to you the results of some 
work in this direction,’ done in 1928, but now capable o| 
more exact interpretation because of work done in another 
field within the year. Methane and ethane are known to be 
non-polar molecules. If, however, a single hydrogen atom 
of either is replaced by another atom or group of atoms a 
polar or dissymmetrical molecule will result.. Thus CH,(1, 
C.H;OH, CH;I, C:H;Br, CH;CN, CH;COOH are polar 
molecules. Furthermore the amount of dissymmetry is 
different for the different substituted groups and is practicall) 
independent of the length of the hydrocarbon chain. The 
polarity of the groups increases in the order COOH, I, C1, 
OH, CN. 

If a second polar atom or group is substituted, either into 
a methane derivative or on the same carbon atom that was 
previously substituted in the corresponding ethane derivative 
it may be expected that there will be a mutual repulsion 
between the atoms or groups if they carry like charges and a 
mutual attraction if they are oppositely charged. It is thus 
possible to explain why dichloromethane has a smaller 
moment than methyl chloride in spite of the fact that it 
contains two polar chlorine atoms to one polar atom for the 
latter, and also why the moment for chloroform, with thre: 
polar atoms, is smaller than that of dichloromethane. When 
the second chlorine atom is substituted there is a mutual 
repulsion between the negatively charged substituents to 
cause a deformation of the tetrahedron. The distance from 
chlorine atom to chlorine atom is now greater than was the 
distance from the first chlorine to the hydrogen atom replaced 
in the methyl chloride. The introduction of the third 
chlorine atom causes a further deformation of the tetrahedron. 
In other words the distance between any two chlorine atoms 
has now been further changed. The- mutual repulsion 
between these atoms caused by the introduction of the fourth 
chlorine atom to form carbon tetrachloride results in a return 
to the normal tetrahedron. This explanation has more 
recently been shown to be the probable one by Debye and 


§ Williams, Z. phys. Chem., A138, 75 (1928). 
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his collaborators‘ in their studies of X-ray interference 
maxima with single molecules. These investigators have 
actually been able to determine the distances between chlorine 
atoms in these compounds, something which is quite impos- 
sible at present with electric moment measurements. If 
there is substituted an atom or group other than chlorine 
into. the methyl chloride a mutual repulsion will take place 
if it is another negative group, and an attraction will result 
if it is a positive group. Thus, measurements made by 
Fogelberg, working in the laboratory of the author, for the 
electric moments of the molecules chloronitromethane (yu 
= 2.68 X 1078 e.s.u.) and bromonitromethane (yu = 2.56 
x 107!§ e.s.u.) can be explained only if the angles between 
the vectors characteristic of the respective substituent groups 
can be assumed to make an angle of about 140° with each 
other, rather than 110°, the normal direction angle between 
valences directed toward the corners of a regular tetrahedron. 
Both the substituents in each case are negative in character. 

The statements made above apply equally as well to 
derivatives of ethane in which two hydrogen atoms attached 
to the same carbon atom are substituted by these simple 
atoms or groups. If the two atoms or groups are substituted 
in such a way that one is attached to each carbon atom other 
interesting cases present themselves. Before discussing them 
it will be well to recall the information concerning the electrical 
symmetry of the isomers of 1, 2 dichloroethylene obtained by 
Errera.£ For the cis-form an electric moment, yu = 1.9 
X 107!§ e.s.u. is found, whereas the trans-form shows zero 
polarity in accordance with the geometrical picture adopted 
in organic chemistry. These compounds differ from the 
corresponding ethane derivative in that there is a double 
bond between the carbon atoms which is supposed to prevent 
rotation of the polar groups about a line joining the centers 
of the carbon atoms. For the ethane derivative organic 
chemists have assumed a ‘“‘free”’ rotation about this line 
joining the centers because there is a single bond between 


* Debye, Bewilogua, and Ehrhardt, Ber. Sdchs. Akad. Leipzig, 81, 29 (1929); 
Physik Z., 31, 419 (1930); Debye, Z. Elektrochem., 36, 612, 1930. 
* Errera, Physik. Z., 27, 769 (1926). 
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them. The electric moment data,’ and more recently, 
studies of the scattering of X-rays’ indicate that the term 
free rotation cannot be interpreted to mean an unhindered 
rotation as has been done in a number of cases. This can 
best be demonstrated with the help of Fig. 1. If it be assumed 
that there is free and unhindered rotation about the carbon 
to carbon linkage, then every position of rotation of the 
vector characterizing the magnitude and direction of the 
second group is equally probable with respect to a supposedly 
fixed position of the vector representing the first group. 
This means, in effect, that there can be no mutual repulsion 
or attraction between the two groups and the characteristic 
vectors will each make an angle of 70° (@in the diagram) with 
the line joining the centers of the carbon atoms. In the 
case of two like substituents this angle can be shown to be 
much less than this value. 

Assuming once more that there actually is such a free 
rotation it was shown * for the case of like substituents that 


uw = V2 asin 8, 
where » = average electric moment of the molecule obtained 
directly by experiment, 
vector value characteristic of the individual sub- 
stituent atom or group, 
@ = angle described above. 


This is a perfectly general formula for this kind of molecule 
and should indicate directly whether or not a free rotation 
may be assumed, because if the angle @ turns out to be less 
than 70° it indicates a repulsion (since the case of like groups 
is being considered) between groups and therefore either a 
hindered rotation in which certain relative positions of the 
vectors are favored over others, or no rotation at all. The 
results of the experiments and calculations for five molecules 
of this type are given in Table 1. 

The angles are considerably iess than 70° in the case of 
the first four compounds, which indicates that there must be 
an appreciable mutual repulsion between the polar groups. 


*See, for example, Sugden, ‘‘The Parachor and Valency,” Routledge, 
London, 1930. 
* Debye, Physik Z., 31, 142 (1930); Proc. Phys. Soc. London, 42, 340 (1930). 
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TABLE I. 
Data for Angle @ for Compounds of Type aCH,. CHa. 


Molecule. a. Mh. sin @. D 
Ethylene Chloride................ 2.0 1.75 0.62 | 38 
Ethylene Bromide................. 1.86 1.4 Gaa-4: 32 
Ethylene Iodide. ..... Pass wakteed 1.65 1.3 0.55 | 33 
Ethylene Glycol........ ee ee 1.64 1.5 0.65 | 41 
Ethylene Cyanide................. 3-4 3.8 0.80 54 


The result for ethylene glycol must be considered to be 
uncertain for two reasons, as follows: 

1. The OH group is being treated as behaving as simp!) 
as a chiorine atom, and 

2. Because of the very limited solubility of ethylene glyco! 
in benzene the value for its moment, uw = 1.5 X 107" e.s.u 
can only be approximately correct. 
At any rate it is clear that the angle is much less than that 
which would indicate normal directions for the substituent 
atoms. It is interesting to note that ethylene cyanide gives 
an angle of distinctly larger magnitude. It may be explained 
by considering this molecule to consist of a four carbon 
chain, and since the polar groups are now more wide), 
separated there will be a smaller interaction between them. 

Debye has concluded from his measurements of th: 
scattering of X-rays by single ethylene chloride molecules 
that a really free rotation does not exist because the inter 
ference maxima caused by the chlorine atoms are quite distinct 
and indicate a constant distance of separation between them 
It appears, therefore, that an equilibrium position, similar to 
the trans-isomer of 1, 2 dichloroethylene, actually exists. It is 
necessary, therefore, in order to explain the finite dipol 
moment to assume the existence of thermal oscillations of the 
two parts of the molecule about their equilibrium positions 
and around the carbon to carbon bond. If this assumption 
is correct the electric moment of molecules of this type should 
increase with increasing temperature because under these 
conditions a more and more nearly free heat rotation should 
result. At the very lowest temperatures the molecule should 
approach a rigid condition corresponding to a trans isome! 
Data are not as yet sufficient to determine whether or not 
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these assumptions are correct but they are sufficient to 
indicate that really free rotations do not exist until the polar 
parts of the molecules are separated by a distance equivalent 
to a chain of something like five carbon atoms. 

These examples are sufficient to indicate the kind of 
information concerning the shape or structure of a molecule 
that can be obtained from a study of the temperature variation 
of the dielectric constant, or something derived from it, 
that is, the method of the binary liquid mixture. It is 
interesting that just the thing which has enabled us to 
determine the electric moment of a molecule at a single 
temperature using the binary mixture, namely, the variation 
of dielectric constant with frequency, also enables us to learn 
something about the size of molecules and aggregates of 
molecules. The theory which makes this possible (as well 
as the theory which makes possible the determination of the 
electric moment of a molecule) has been given in detail by 
Debye,® so that a complete theoretical treatment will not be 
given here. It does seem worth while, however, to discuss 
certain of its implications, and in order to do this it will be 
necessary to have an outline of the theory in mind. 


THE SIZE OF MOLECULES AND PARTICLES. 


From what has been said in the previous section it is 
evident that any polarization due to the orientation of a 
polar molecule will vanish when the frequency of the applied 
field becomes sufficiently high and under these conditions 
there will remain simply a polarization due to deformation of 
the molecule. The transition from both orientation and 
distortion effects to the distortion effect alone should occur 
in the frequency region »v, which is approximately defined by 
the equation y.r = 1, where 7, called the time of relaxation 
of the polar molecules, is the time required for the molecules 
to assume a random distribution after the field has been cut 
off. Thus, liquids which at ordinary frequencies are char- 
acterized by unusually high dielectric constants show a 
marked decrease in dielectric constant when the frequency is 
passing through this critical region. These liquids are in 
every case polar in character, and as such contain polar 


* Debye, Handbuch d. Radiologie, VI, 597 (1925); ‘Polar Molecules,” 
Chem. Catalog Co., New York, 1929. 
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groups, for example, NH, I, COOH, CN, etc. Furthermore, 
the polar molecules are being oriented in a viscous medium 
so that there will be frictional losses in the frequency region 
where the dielectric constant is changing, and a dissipation 
of some of the energy of the field in the form of heat will result. 

The distribution function of the dipole moments when 
affected by a field of variable frequency has been obtained 
by Debye, making use of the general mathematical basis 
provided by the Einstein theory of the Brownian movement 
The generalized distribution law turns out to be 


= uFo - (3): ; 
paar siete cos 6 |, 


where f = factor to give the number of molecules which at a 

given time have their moments in the direction 
of a given solid angle, thus fdQ is the number o! 
molecules whose moments are directed in solic 
angle dQ at the beginning of an interval o! 
observation, 

A = constant, 

uw = electric moment of the molecule, 

Fy) = field strength, 

k = Boltzmann constant, 

T = absolute temperature, 

¢ = constant measuring the inner friction, 

t = time, 

6 = angle between axis of solid angle dQ and a second 
solid angle dQ’. 


The variable part of this distribution function will |» 
reduced to 1/e of its initial value after a time of ¢/2k7 seconds 
has elapsed. Therefore the time of relaxation of a molecule 
is defined by the equation 


ee 
2kT 


The treatment to this point, while it has involved certain 
approximations, has, nevertheless, made use only of assump- 
tions which seem to be justified by the vast amount of <i. 
electric constant work which has been done in recent years 


T 


May, 1931] RecENT DIELECTRIC CoNSTANT THEORY. 595 


with vapors and dilute solutions of polar molecules in non- 
polar solvents. There has already been introduced the 
assumptions concerning the internal field which have been 
made by Clausius and Mosotti, previously referred to, but 
here again difficulty may be avoided-by working with dilute 
solutions of polar molecules dissolved in a non-polar solvent. 

There is another source of trouble which seems much more 
serious. The relaxation time 7 in our discussion is as yet an 
unknown parameter. It has been evaluated by means of a 
calculation of Stokes who showed that when a sphere of 
radius @ rotates in a liquid of inner friction constant 7 the 
frictional torque is 8rna* times the angular velocity of the 
sphere. For such a sphere, then 


f = 8rna* (8) 
and 


3 
; =i. (9) 


kT 


4a 


The difficulty contained therein is that for ‘‘n”’ there must 
be used the inner friction of the liquid or solution as it is 
ordinarily defined and determined. 

Under ordinary experimental conditions where frequencies 
as high as those corresponding to a wave-length of 10 meters 
can be obtained for dielectric constant studies with molecules 
having a radius of 5 X 10-* cm. in solution in a non-polar 
solvent it will be necessary that the effective inner friction 
constant be in the neighborhood of 10 poises in order to 
observe the dispersion of the dielectric constant. To obtain 
a medium of such a high viscosity it is necessary to resort 
to the use of heavy mineral oils, a procedure which must be 
regarded as unsatisfactory. Little is known concerning the 
actual structures of the molecular constituents of these oils 
except that they are irregular in shape. The objection may 
then be raised that the viscosity of the oil, or of a dilute 
solution of polar molecules in the oil, measured in a visco- 
simeter and determined by the rate at which these irregular 
solvent molecules slip past each other to give a macroscopic 
viscosity, is hardly the viscosity that one should use in the 
equation for the time of relaxation. The viscosity needed in 
that equation should be a ‘‘microscopic”’ viscosity, and 

VOL. 211, NO, 1265—4I1 
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should measure the frictional resistance of the solvent mole- 
cules to the rotation of the polar solute molecules. In the case 
being discussed the solute molecule will be considerably 
smaller than these solvent molecules between which they 
have to rotate or orient. Indeed, there is evidence that the 
measured macroscopic viscosity of such systems will always 
be too high so that any calculated molecular radius, making 
use of the exact equation of Debye, will be too small, since 
the frequency w at which the absorption index « reaches a 
maximum is the quantity readily calculated from the ob- 
served dielectric constant. This frequency of maximum 
energy loss is given by the formula 


€9 + 2 fe 
é: +2 “eq’ 


where w = 277, 
€9 = value of dielectric constant for high frequencies 
(the optical dielectric constant), 
and ¢, = the static dielectric constant, observed for w = 0. 


As far as the author is aware but two papers have been 
published in which studies of this anomalous dispersion in 
dilute solutions of polar molecules in a non-polar solvent 
have been reported. Both articles* are based upon 
measurements made in very viscous oils; in the first one the 
dielectric constants of the systems have been measured as a 
function of frequency with the viscosity (temperature 
constant, and in the second one the dielectric constants o! 
the systems have been measured as a function of temperature 
using several frequencies. The method of the first one 
should be better than that of the second because the exact 
equations of Debye, applicable only to experiments at 
constant temperature with variable frequency, can be used 
only as approximations when the temperature is allowed to 
vary, because here changes in the density of the solutions 
and the corresponding variations in ¢9 and ¢, are neglected 
In the latter case it is also necessary to know the viscosities 
of the solutions as a function of the temperature as well as 
of composition. For such systems these viscosities, measured 


* Johnstone and Williams, Phys. Rev., 34, 1483 (1929). 
10 Goldammer and Sack, Physik Z., 31, 224 (1930). 
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in the ordinary way, in addition to being hard to justify in 
the formula for the time of relaxation, are very poorly re- 
producible. 

But even in the case of the work of Johnstone and Williams 
in which the frequency dependence was studied it can be 
shown that the experimental results justify only the use of 
the very approximate formula mentioned in the introduction 
to this section, namely that 


because of this lack of an exact method of determining the 
proper inner friction coefficient of the liquid. For these 
experiments the nitrobenzene molecule was chosen as solute 
because of its high electric moment, yw = 3.9 X 1078 e.s.u., 
and because its shape must much more nearly approach 
that of a sphere than a molecule of the type of one of the 
intermediate alcohols. A value 2.4 X 10~* cm. was reported 
for its radius, but it was claimed to be only of the right order 
of magnitude, and it was further stated that the experiments 
could not be considered to be a verification of the quantitative 
theory of Debye. That the result came out so nearly correct 
is due to the fact that the error introduced by the use of the 
high (macroscopic) viscosity values was compensated by the 
approximations made in simplifying the formula. This can be 
demonstrated by carrying through a calculation in which the 
more exact formule are applied to the dielectric constant data. 
The calculation, with equations used, for an assumed infin- 
itely dilute solution of nitrobenzene in mineral oil, follows: 


te 


¢ 


2kT’ 
82r7na’*, 
é: + 2 
€é9 + 2 “i 


27?, 


rT = new variable, introduced for 
convenience, 


4rna*® 
gy: h. 
= 2.4 X 10°* cm., 
= 2.67 X 107*yy. 
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Further, let 

€; = 24.1 
and 

€& = 2.40. 


The value ¢; = 24.1 has been obtained by extrapolation 
of dielectric constant data for dilute solutions of nitrobenzene 
in benzene." The value ¢9 = 2.40 is taken as an average 
value for non-polar oils. 

Then 

x = ct ar = 1.58 X 107’py. 

The potential difference between the plates of the meas- 
uring condenser is V-e“. The dielectric constant will nov 
have to be separated into a real part e’ and an imaginary 
part ¢’’, according to the equation 


Further, it can be shown that 


P 7" os 21.7 
€ = €& + ——; = 2.40 + =. lla 
"r+ x" " I+ 2.5 X 10°-“(pn)? 
a _ 21.7 X 1.58 X 107yn - 
I + x? . I + 2.5 X 107“(pn)? 


It is now possible to construct curves showing e’ and « 
as a function of vy, or better, as a function of log vn, from 
these equations by assuming values of vn. The results o! 
the calculations are given in Table 2 and in Fig. 2. 

An inspection of the curves shows that the point 
inflection in case of the e’ curve, and the maximum in th 
case of the «’’ curve are displaced toward the left from what 
one would expect if the observed macroscopic viscosities wer 
equivalent to the quantity 7» in the formula for the time 0! 
relaxation, because for a dilute solution of nitrobenzene in 
mineral oil which showed dispersion in the region of wave- 
length 20 meters the observed viscosity was over 20 poises 
According to the vy product the viscosity value necessary) 
for coincidence of the observed and calculated curves should 


1 Williams and Schwingel, Jr. Amer. Chem. Soc., 50, 363 (1928) 
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TABLE 2. 
Values of «’ and e'’ for Nitrobenzene. 
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be of the order of magnitude 2 poises, in other words the 
observed true macroscopic viscosities are too high to be used 
for the inner friction constant of Stokes’ law by a factor ap- 
proaching ten. 

If the experiments had been made upon a system of polar 
molecules dissolved in vaseline or something of still greater 
consistency there is every reason to believe that the macro- 
scopic viscosities would be too high by a much larger amount 
After all little is known concerning the size and, what is 
more important, the shape of the molecules or aggregates o| 
the heavy oils, cable compounds, and vaselines except thai 
they must be large and irregular. Therefore, if one wishes 
to test the theory of anomalous dispersion of Debye in a 
quantitative sense it is not proper to use these solvents o| 
high macroscopic viscosity in order to have the dispersion 
take place in a region of easily accessible wave-lengths 
Rather it will be necessary to work either at very short 
wave-lengths (of the order of magnitude of centimeters rather 
than meters) or with very large, nearly spherical molecules, 
using the more common non-polar substances such as benzene, 
cyclohexane and carbon tetrachloride for solvent media. 
If such solvents are not used the effective viscosity acting 
against the molecular rotation will be quite different from 
the ordinary value. 

If one examines the results of experimental studies of th: 
theory reported in the literature it is found that wher 
molecular radii have been calculated they are always too 
small, with one notable exception. Thus, the results of 
Mizushima " for the molecular radii of the lower alcohols 
average slightly higher than the corresponding figures calcu- 
lated by kinetic theory methods. These experiments wer 
made, not in dilute solution in non-polar solvents, but with 
the pure liquids which are known to be highly polar in 
character and always ‘‘associated.”” We should therefore 
expect that the results of the actual experiments would 
deviate from the quantitative formule which have been 
calculated for an ideal liquid in which the polar molecules 
have been considered to be far enough apart so that their 
interaction may be neglected. Certainly it is impossible to 


it Mizushima, Sci. Papers Inst. Phys. Chem. Research, Japan, 9, 209 (1925 
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determine the electric moment of a molecule from dielectric 
constant data for the pure substance in the liquid state or 
when it is dissolved in another polar solvent, and this case 
should be quite analogous as far as quantitative results are 
concerned. 

As a result of these considerations it appears that the 
most useful application of the dispersion theory may be in 
the field of colloid chemistry, for it should make possible the 
determination of the size of particles suspended in non-polar, 
or but slightly polar, commercial oil media. These particles 
will have radii ten to a hundred times as large as those of 
ordinary molecules and since the radius appears to the third 
power in the formula for the time of relaxation the region of 
dispersion should be shifted to easily accessible wave-lengths 
for measurement. It is of course required that there be a 
distance of separation of the centers of gravity of the positive 
and negative electricity in the particles so that they will 
tend to orient in the field, and for this there will ordinarily 
be required a certain degree of dissymmetry in shape. It 
appears, for example, that the way in which to study the 
rubber substances, particularly the sulphur compounds, is to 
suspend them in a non-polar medium and study the frequency 
and temperature variations of the dielectric constant instead 
of working with hard rubber of the forms which have usually 
been studied. This statement applies as well to a number of 
other commercial insulating materials. One of the greatest 
difficulties will be the actual suspension of these materials in 
the proper dispersion medium because there is no guiding 
principle, for the colloid chemistry of the present day teaches 
us very little concerning the preparation of finely divided 
systems in any medium other than water. 

There is another interesting point which may be men- 
tioned. We have said that there is a real difficulty in the 
Debye theory because the inner friction constant of the 
solvent or dispersion medium may be much smaller than its 
viscosity as ordinarily observed, but it has been suggested 
only indirectly that the shape of the molecule or particle 
which is rotating may need to be taken into consideration. 
The Stokes formula assumes that the rotating particle is 
spherical in shape. Can we expect a rod or disc shaped 
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molecule or particle to rotate with the same freedom that a 
spherical one does? 

The problem of the heating of dielectrics in rapidly 
alternating fields has long engaged the attention of many 
investigators. There has recently been considerable discus- 
sion of the above theory of molecular orientation from the 
standpoint of dielectric losses in insulating materials. It was 
first brought to the attention of engineers in this country }, 
the excellent articles of Kitchin and Miiller * and Kitchin. 
who, if I interpret them correctly, believe that a considerable 
portion of the dielectric loss in commercial insulating ma- 
terials is due to the absorption of energy when their constitu- 
ent dipole molecules are orienting. The following quotation 
is taken from the synopsis of Kitchin’s paper: 

“On this theory the anomalous change of dielectric 
constant and power factor with temperature and frequency 
is attributed not to impurities or heterogeneity of structure 
but to molecules containing electric doublets which try to 
orient themselves in an electric field. The rotation of the 
dipole molecules in a viscous medium gives rise to a frictional 
heat loss expressed as power factor, and also to a contribution 
to the dielectric constant which vanishes when the dipoles 
are prevented from responding by too great viscosity or too 
high frequency. The experimental results are discussed on 
the basis of that theory.”’ 

Kitchin and Miiller state in their abstract ‘‘ The existence: 
of anomalous dispersion in the audio and radio frequency) 
region explains the complicated dielectric behavior of many 
insulating materials and makes it possible to observe an 
anomalous behavior of the Kerr Effect, or electric doubl 
refraction.” 

Others, as mentioned in the introduction, believe that the 
so-called dielectric hysteresis is a negligible factor and that i! 
Joule’s heat law be properly applied it satisfactorily explains 
the dielectric losses. Certainly when ions are present, and 
it is hard to see how they may be avoided in moisture- 
absorbing dielectrics (even the oils), the major part of th 
heat developed in these dielectrics can be explained on th 


® Kitchin and Miiller, Phys. Rev., 32, 979 (1928). 
8 Kitchin, Trans. A. I. E. E., 48, 495 (1929). 
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basis of an I*R loss. From calculations which can be made 
for the heat loss due to dipole orientations in such systems 
it is difficult to see how this source can account for more than 
a small percentage of the total loss. Thus Johnstone and 
Williams * calculated the orientation energy of nitrobenzene 
molecules for a frequency of 107 cycles per second and found 
that the energy dissipation per second per cubic centimeter 
would be of the order of magnitude 0.01 calorie. Nitro- 
benzene was chosen for the calculation because of its high 
dipole moment. If such a dielectric as water containing a 
very low concentration of ions is placed in a high frequency 
field much greater power losses result. Hamburger “ has 
recently pubiished the results of more exact and detailed 
calculations and has come to a similar conclusion. 

It is the present opinion of the writer that losses due to 
dipole orientation may be sufficient to account for the observed 
energy dissipation, in some cases, but this mechanism may 
not be necessary since it appears possible to account for losses 
of like magnitudes by assuming oscillations of ions. Data 
are as yet insufficient to decide this point. 


THE STRUCTURE OF INSULATING MATERIALS. 


In order definitely to decide this and other questions 
concerning the nature of dielectric loss it seems necessary to 
learn more about the actual structures of these commercial 
dielectrics. Whether we deal with liquids or with solids the 
most useful information that can be obtained will probably 
come from the applications of methods of colloid chemistry 
to the study of these substances. In the case of the solid 
substances like rubber, bakelite, glyptal, wood, and the 
cellulose esters, the compositions, sizes, and shapes of aggre- 
gated molecules themselves are practically unknown. Also, 
what may be even more important from the standpoint of 
their insulating qualities, there is little or nothing known 
about the size, form, and arrangement of the capillaries or 
voids into which water may be absorbed. These substances 
in commercial use usually contain electrolyte materials which 
dissolve in the absorbed water to form conducting solutions 
which are injurious to the insulating qualities of the material. 


“ Hamburger, Phys. Rev., 35, 657 (1930). 
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It is well known that insulating materials cannot be 
selected simply according to their moisture contents, thus the 
insulating properties of gutta percha and rubber change but 
little under widely differing conditions of moisture while those 
of wood and textiles might almost be used to indicate changes 
in the humidity of the air. The synthetic resins and cellulose 
esters show properties intermediate between these extremes. 
These differences may perhaps be partially accounted for by 
differences in the electrolytic impurities present in the various 
materials, but it seems even more important to have infor- 
mation concerning their actual capillary structures. It may 
be recalled that Evershed ® assumed that much of the water 
contained in insulators is originally in the form of isolated 
pools, so that the latter could not be responsible for a con- 
ductance at the instant of the application of the voltage. 
These pools were assumed to be electrokinetically spread out 
into conducting paths in the same manner that water may 
be forced through a porous diaphragm. But it is hardly 
necessary, in some cases at least, to have to assume this 
process of electro-osmosis to be of such fundamental im- 
portance, and indeed there are certain objections to so doing. 
Structural studies of these various types of high molecular 
(or aggregate) weight polymers indicate fibrous arrangements, 
and therefore possible conducting paths in a large number o! 
cases, such as cellulose, rubber, the polyoxymethylenes and 
certain of the glyptal resins. It is certainly common in 
nature to have fibrous structures, and it is not uncommon to 
have this structure in synthetic materials. 

One of the simplest means of detecting such an arrange- 
ment is by means of a study of the swelling of the material in 
suitable solvents. When a cellulose section swells in water 
it is not elongated in the direction of the fibers, it expands 
laterally. Also, if the tensile strength in the longitudinal 
direction is much greater than that in a direction at right 
angles to it, it indicates that the primary valence bonds ar 
directed in regular arrangement parallel to the longitudinal 
direction, and any secondary valence bonds are directed 
(in general) at right angles to them. The coefficient o! 
thermal expansion should also be much greater in the longi- 


% Evershed, Inst. Elec. Eng. Jr., §2, 51 (1914). 
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tudinal direction if there is such an orderly arrangement of 
molecules in columns. These structures are also indicated 
by X-ray investigations. Other substances we believe to 
have only an amorphous structure. 

If water has been absorbed in the capillary structure of an 
insulating material and electrolytic substances are present 
there will be present ions to conduct the current. The 
ions may be free or they may be adsorbed to the material of 
the walls. In the small concentrations ordinarily present the 
ions are more likely to be adsorbed and may even oscillate 
with an applied alternating potential causing an energy loss. 
In order to explain a decreasing insulation resistance with 
increasing voltage the assumption can be made that under 
these conditions more and more of the adsorbed ions are 
loosened from the walls and the result is an ionic conduction 
of the true solution type through the capillaries. 

The similarity between the fibrous structure suggested for 
substances ordinarily thought of as being non-crystalline and 
the mosaic structure postulated for crystals leads to the 
interesting possibility that we may be dealing with a process 
of conduction of like mechanism in both cases. It will be 
recalled that Smekal ? believes that the ions which take part 
in the conduction are concentrated in the positions in the 
crystal where lattice imperfections are present, the ions 
moving in either an adsorbed or free condition along paths 
formed by these fissures. The Smekal point of view, although 
supported only by indirect evidence, has found favor with a 
large number of investigators. 

A number of physical methods have been applied to the 
determination of the effective capillary cross-section of not 
necessarily commercial insulating materials, but substances 
which are of the same general type. There can be little 
doubt about the fact that the high molecular (or aggregate) 
weight organic compounds used as insulators possess colloidal 
properties and they should be classified as gels or solvated 
colloids. The methods which have been successful in yielding 
information concerning the familiar gels of colloid chemistry, 
the silica and gelatin gels, should be applicable to these 
substances. One such method may be suggested to illustrate 
the point. It consists of a study of the rate of diffusion of 
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small molecules either as a gas or from a suitable solution. 
into or through sections of the materials. The method may 
be reversed in special cases, thus it should be possible to 
determine the average pore size in a wood section by observing 
the rate at which it dries, that is, the rate at which water 
molecules diffuse out of it. 

The fact that the insulating property of various materials 
is affected in different ways by moisture suggests there is in 
each case a characteristic arrangement of conducting water 
paths which depends primarily upon the colloidal structur 
of the material rather than upon its actual chemical compo- 
sition. This does not mean that a knowledge of the actual 
structures of the aggregates themselves is necessarily unim 
portant, actually this information may indicate the type of 
capillary structure to be expected. 

The author takes this opportunity to thank Mr. J. L 
Oncley for material assistance in the preparation of this 
article. 

SUMMARY. 


There has been indicated the importance of a knowledg 
of the chemical and capillary structures of insulating materials 
if electrical energy losses in them are to be explained. It has 
been demonstrated that there are available, first, methods by 
which the structures of their simpler molecules may 
determined, second, methods by which the sizes and shapes 
of their aggregates may be approximated, and third, methods 
by which it may be expected that something may be learned 
concerning the size, form and arrangement of their capillaries 
In certain cases these methods have been given in som 
detail, while in others they have only been mentioned 
Their nature and the importance of their solution make them 
deserving of every attention the chemist and physicist can 
devote to them. 


LABORATORY OF COLLOID CHEMISTRY, 
UNIVERSITY OF WISCONSIN, 
November I, 1930. 


PIEZO-ELECTRIC GAGE AND AMPLIFIER. 
BY 


R. ALDEN WEBSTER, B.S., M.S., E.E., 


Associate Electrical Engineer, Naval Research Laboratory, Bellevue, D. C. 


Due to inertia factors in other types of pressure measuring 
apparatus, the piezo-electric gage has been considered as the 
solution for overcoming faults due to inertialag. Yet another 
problem enters, viz., that of recording accurately the minute 
quantities of electricity caused by the piezo-electric effect. 
A number of experimenters have used this effect for pressure 
measurement. Dr. J. C. Karcher! used a ballistic galva- 
nometer but was required to differentiate the curve mechani- 
cally to obtain the pressure-time relation. Capt. R. H. Kent, 
experimenting at the Aberdeen Proving Ground, has used a 
resistance-coupled amplifier with some success. The aim of 
the experiments at the Naval Research Laboratory was to 
improve on the record obtainable by the latter method. 
This method is the only available one giving directly a 
pressure-time curve, a very desirable record. 

A gage was designed and built using a cartridge of pure 
bakelite. Within this was placed a pile of twenty-one quartz 
crystals, each 0.69 inch square by 0.053 inch thick, they 
being separated by platinum electrodes. Screwed brass ends 
held them in the cartridge which was then sealed with bees- 
wax. A three-eighths inch piston bore upon this pile. This 
gage has given very good service and although a few of the 
crystals cracked, no loss in sensitivity has been noticed. 
Its maximum load of about 10,000 lb. per sq. in. does not 
approach the crushing load of the crystal,? about 50,000 Ib. 
per sq. in. 

With the aid of Dr. L. P. Wheeler of the Laboratory staff 
in a consulting capacity, a resistance-coupled amplifier of the 
Western Electric type was built, using two 50-watt power 
tubes in the third stage. 


‘ Bureau of Standard Sci. Paper No. 445. 
*See Mech. Engineering, Aug. 1926 (p. 821), Col. W. H. Tschappat. 
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On the oscillograms it will be noted that timing lines hay 
been placed. These are spaced one thousandth of a second 
apart. In order to put these on the film, a separate exposur 
was made and the electrically operated tuning fork that 
placed them thereon, was stopped while the phenomenon 
was being recorded, this being done to remove interferenc 
of the tuning fork circuit. The electrically operated primer 
circuit for firing the bomb did not interfere because it 
pulsations were through when the phenomenon occurred 
No serious error is introduced by double exposure since th: 
heavy drum of the film holder changes very little during t) 
successive exposures. 

After experimenting with the effects of various inte 
ferences, it was found that the shots had to be taken with 
only the piezo-electric gage registering and with such circuits 
operating as were absolutely necessary. Hence the amplific: 
was adjusted under these conditions with the lines from the 
gage spread about twenty feet apart for most of the distanc 
between the bomb and the laboratory. With 700 volts on 
the third stage plate circuit and 165 volts on the first two 
stages good deflections were obtained without apparent 
distortion. 


PLATE I. 


Successive records of three rounds were taken that 
checked very well with similar records of the spring-electri: a 
gages. Plate I shows a typical record of the piezo-electri a 
gage as taken under the above conditions. Plate II shows a tl 
comparison of curves taken on shots 31, 32, and 33. Shot 33 tk 
gave a record on two spring gages, the curve shown being . 
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the average. Apparently the piezo-electric gage on shot 32 
agrees as well with the average of the two gages on shot 33 
as they do between themselves, which condition indicates a 
reasonable performance of the former. The piezo-electric 
gage was not calibrated but its maximum deflection was 
considered as comparable with the reading of the crusher 
gage on the same shot. Then the other points of the curve 
were taken proportionately to this maximum point. 


PLATE II. 
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It was found that for the curve of the piezo-electric gage 
not to be affected appreciably by leakage, insulation resistance 
had to be, at least, 200 megohms. The final overhead 
shielded wire between bomb and laboratory gave this in wet 
weather. With 4 megohms across input grid of amplifier, 
the effective value of resistance of the input circuit was 
3.5 megohms and the capacitance (C) 0.016 mf. Without 
cable attached, C became 0.0021 mf. 

For the study of distortion a series of tests has been 
accomplished by discharging known quantities of electricity 
at different voltages into the input side of the amplifier 
through an approximately known circuit. The inductance of 
this circuit is small and has generally been considered negli- 
gible. The resistance and capacitance are known only 
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approximately and are given above. Nevertheless computa 
tions of the discharge curves seem to check the oscillograph 
record fairly well. One series of condenser discharges in a 
high resistance circuit has been run on the amplifier, wherein 
the electric charge (Q) was kept constant on the charged 
condenser and the charging e.m.f. (Z) and the capacitance 
(C) of the condenser were varied. These were taken in 
steps as follows: 


E (volts). C (mfs.). Q (e.s.u 

Sere re) SERNA 16.8 

| PPP errr a re eee 16.8 

|) EPP Pe te Tae i 16.8 

ORE Pe Say ee NEO Se 16.0 
PLATE III. 


It is interesting to compare these tests (Plates III and !\ 
The four curves check very nicely, indicating that as long as 
Q remains constant the amplified curve is the same. 
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PLATE IV. 


The capacitance (Cy) of the circuit into which the con- 
denser was discharged had a value of about .016 mf. which 
was a great deal higher than that of the discharging condenser. 
Hence in the majority of these cases the total capacitance 
(Cy + C) was equal to a great deal more than that of the 
discharging condenser. Therefore, Q having been constant, 
the voltage to which the system was raised at time of discharge 
was about constant, since eC, = Q and C; was about equal 
to Cy, Co + C being about identical to Cy. The total capaci- 
tance here was C, = Cy) + C. 

Thus €,, @, etc., were about equal to each other. This 
caused the potential across the terminals of the amplifier to 
have been about constant and, therefore, the output onto the 
oscillograph should have been constant. According to Plates 
III and IV this is shown to have been the case. The small 
jogs on the traces were due to a characteristic of the operating 
switch. In later work these jogs were eliminated. 
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PLATE V. 


Calculations made from several curves show little distor- 
tion, although the constants of the circuit are not accurately 
known. The following table was made from the lower curve 
on Plate V and is typical. 


(Using Product RC = 0.0088.) 


tisec. log #/RC, AIRC, Calculated e. Measured 
oO oO I Use ¢9 = 2.76 2.76 
0.001 -0495 096 1.121 2.48 2.45 
0.005 -2475 479 1.768 1.56 [.51 
0.01 -4950 957 3.127 .88 89 
0.02 -Q90I 914 9-777 .28 33 
0.03 1.4852 871 30.57 .09 18 


These figures were calculated from the formula e = ec" 


The inductance was considered negligible. The lower values 
do not check, partly on account of difficulty of measuring 
them from the film; but the upper values seem to give ver) 
good checks. 
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PLATE VI. 


Curves on Plate VI are for quantities at 253 and 2040 e.s.u. 
with the resistance greatly decreased so as effectively to 
reduce the sensitivity of amplifier. It is difficult to make 
calculations check with these curves due to lack of knowledge 
of an accurate value of the inductance, a quantity considered 
negligible heretofore. 


PLATE VII. 
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Plate VII shows a record of approximate sine wave off a 
tuning fork oscillator. The upper wave was taken directly 
off the fork through a twenty-ohm circuit to the oscillograph 
vibrator. The lower was from the output of the amplifier 
and represents the sine wave impressed on a high resistance 
circuit of about 4,000,000 ohms. It is noted that the latter 
is more nearly a sine wave, the former having a aifferent 
slope on one face of a given wave than on the other. These 
waves not having been taken simultaneously due to lack o| 
power, are not in phase, and hence are not strictly comparable 
They do not indicate a perceptible distortion. 

Conclusions: It is believed that, although no direct 
measurements of input and output curves have been taken, 
no distortion occurs great enough to vitiate results in the 
measurements of gun powder gas pressures. Care must, 
however, be taken in adjustment of the amplifier so that 
there will be a plate output change along the practically 
straight portion of the grid-voltage plate-current characteristic 
curve. Then connect the quartz crystal pile so that an 
increase in pressure on the pile will cause a reduction in the 
negative bias voltage, tending to make it more positive. 
This reduces heating in the plate resistors and causes great 
output in the third stage only while the phenomenon is 
being measured. 

With this adjustment made properly and with the dis- 
tributed capacitance of the input circuit of such an order that 
the maximum pressure to be experienced will not cause a 
blocking of the amplifier, an inch or more amplitude of curve 
can be obtained, giving an accurately transferable pressure- 
time curve. This deflection is as much or more than was 
anticipated when the work was undertaken. 

Inductive and leakage interferences are reduced to 4 
negligible amount when well insulated wires are used ani 
their shields fully grounded. 


SUMMARY. 


The writer built a piezo-electric gage and a resistance 
coupled amplifier for recording gun pressures. The gage was 
tested in a bomb wherein pressures as high as 30,000 |) 
per sq. in. were reached. 
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It is found that a 200-megohm insulation resistance to 
ground is necessary for proper amplifier response, this re- 
sistance having been maintained in wet weather. Good 
records of as much as an inch amplitude were obtained using 
standard oscillograph vibrator. 

In order to determine the distortion of the amplifier, 
known quantities of electricity were discharged into a known 
circuit. These tests indicated that the amplifier responded 
alike to constant charges impressed at different potentials. 
Variations from calculated values are less than two and one 
half per cent. 


616 CuRRENT Topics. [J. F.] 


The Constitution of Osmium and Ruthenium. F. W. Asro. 

(Nature, Feb. 14, 1931.) These two elements have yielded, though 
6a grudgingly, to analysis into isotopes through the use of their 
4 volatile tetroxides. ‘‘Osmium tetroxide was first experimented 
with; its action on the discharge, even in the smallest amounis, js 

quite amazing. The whole mechanism of current flow is violently 


rr § 

a disorganised and only slowly recovers.’’ It was difficult to obtain 
‘ spectra of sufficient density. The existence of six isotopes was 
a indicated, of which four were strong and two weak, as follows 
a SOE SOC E ae 186 187 188 189 190 192 

a Percentage abundance.............. 1.0 Os “86:5. 37.3: 25.1 42. 
* 


From these data along with the calculated value of the packing 
Si fraction the chemical atomic weight is computed to be 190.31. 
5 This makes the accepted value of 190.9 appear too high. 

It was almost impossible to get results with ruthenium. The 
following figures, which are only rough estimates from the pho- 
tometry of the faint lines, are the best available: 


ESTEE A TON REEL EN I 96 (98) 99 100 I01 102 104 
Pesssatnes Gpemeencs.... 6 6. asec. § PP CS Oa C0 C7 


The atomic weight is calculated to be 101.1. The divergence of 
this value from the accepted value of 101.7 is in part accounted for 
by the enhancement of certain lines by mercury. Three of the 
ruthenium lines have the same mass number as molybdenum lines 
The 96 constituent is isobaric not only with a molybdenum line but 
also with a doubtful isotope of zirconium. Should this be eventually 
placed beyond question we should have the first instance of an 
isobaric triplet. 
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A THERMIONIC MEGGER WITH LINEAR SCALE. 
BY 


OTTO STUHLMAN, Jr., Ph.D., 


Professor of Physics, University of North Carolina. 


The ‘Radiotron”’ or three element vacuum tube using 
‘secondary electron emission” to produce a negative re- 
sistance was introduced into the radio literature as 
a ‘‘Dynatron”’ by A. W. Hull‘! and, as its name indicates, 
is a generator of electrical power and feeds energy into any 
circuit to which it is connected. It was subsequently de- 
veloped by the same author and his associates as a receiver 
for continuous and modulated waves. 

Since that time little attention has been paid to this form 
of vacuum tube until quite recently W. H. Newbold ? made 
some suggestions for the use of this “‘forgotten device”’ as a 
self modulated oscillator. Among the various commercial 
forms of tubes examined by him he especially recommends the 
R.C.A., UY-224 type because of its marked dynatron char- 
acteristics. 

The writer proposes to use any tube with dynatron char- 
acteristics, as for instance the ‘‘ Radiotron,’’ and to calibrate 
the slope of its characteristic in terms of an external resistance 
introduced into the plate circuit. If the change in slope of a 
given phase of the characteristic can be shown to change in 
proportion to the change in external resistance it should follow 
that for a predetermined current a voltmeter recording the 
potential across filament and plate can then be calibrated to 
read resistances directly. The voltmeter’s linear scale is then 
a direct reading megohmeter. 


THE DYNATRON PRINCIPLE. 


Three “elements” are arranged as shown in Fig. 1 (a), 
where F is an electron emitting hot filament, G a grid and Pa 
solid plate situated near enough to the grid so that some of the 
electrons set in motion by the positive grid potential will pass 
through the holes in the grid and reach the plate. The posi- 
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tive potential at which the grid is maintained is not varied. 
Changes in its potential only shift the characteristic along its 
voltage axis. 

If a galvanometer is placed in the plate circuit and a 
variable positive potential, with respect to the filament, is 
applied to the plate a characteristic curve such as the one 
shown in Fig. 1 (0) is obtained. Starting with the plate P a: 
a lower positive potential than the grid G, only such electrons 
leaving the hot filament F and accelerated by the grid’s 
potential can reach P, as possess enough energy on passing 
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(a) Shows the three element vacuum tube consisting of filament, grid and plate. The 2: 
maintained at a constant potential and the plate at a variable potential. The current in t 
galvanometer under these conditions develops the characteristic curve (6). 


through the holes of the grid to rise against the small retarding 
potential between P and G. With increased positive poten- 
tial of P, more and more filament electrons reach P, until a 
maximum current is attained as indicated by the point 4A. 
This increase in current with increase in potential shows that 
the plate-filament circuit possesses a positive resistanc 
characteristic as indicated by the positive character of th 
slope of the curve from O to A. As the plate voltage is 
increased beyond the potential of the point A the tube begins 
to exhibit negative resistance properties. This change is 
usually attributed to a “secondary electron effect’ having 
its origin at the plate. Without going into the controversial 
aspect of the subject as to just what causes contribute to 4 
decrease in the current between plate and grid, suffice it to 
say that at certain critical energy values of the impacting 
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electrons, reflection, re-emission and inverse photoelectric 
effects must be taken into consideration in addition to the 
change in the potential gradient between grid and plate, 
the sum total of which gradually reduces the electron stream 
flowing from grid to plate and thence through the galvanom- 
eter circuit. This inversion of current continues until the 
negative current predominates and approaches its saturation 
value as indicated by the point C on the curve. 

Between A and C the tube is developing its negative 
resistance characteristic associated with electron tubes operat- 
ing on the ‘‘Dynatron”’ principle. One of the chief reasons 
that this principle has not been put into greater commercial 
use, has probably been the inability of the manufacturer 
effectively to control the re-emission properties of the metal 
surfaces. 

Subsequent increases in potential may carry the plate 
potential beyond the grid potential values. Under these 
circumstances the third phase of the characteristic is devel- 
oped, namely C.D.E. The tube, behaving somewhat an- 
alogously to the phase OA, develops a characteristic having a 
positive slope, here referred to as its second positive phase. 


THE SECOND POSITIVE PHASE OF THE CHARACTERISTIC. 


The second positive phase of the characteristic of the three 
element tube to be considered is that portion of the curve 
extending from C through D to its saturation value at E. 
It is this phase that is to be used and must be examined in 
detail. 

The change in shape of the characteristic brought about 
by increasing the grid potential is in general to lengthen the 
range of the negative resistance of the curve, which in turn 
pushes the zero-current crossing at D to higher potentials. 
Any three or four element tube possessing the above proper- 
ties can be used to produce the following results. 

A typical characteristic such as is developed by the three 
element tube UV-199, is shown by the curve ABCDE in 
Fig. 2. The grid potential was 270 volts with a filament 
current of 0.06 ampere. The galvanometer connected in the 
plate filament circuit had a 57 megohm sensitivity and an 
internal resistance of 130 ohms. With a six volt battery 
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620 Otto STUHLMAN. 
supplying the current for the filament and a high external 
resistance in the plate galvanometer circuit (see insert of Fig. 
2), it is possible to distort the original characteristic A BCD. 
The effect of the external resistance on the stability of the 
tube is noticed in the peculiar changes accompanying the 
changes in slope of the negative resistance. When this slope 
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galvanometer. Curves show the c’ sticas Q, the resistance, is changed frc 0 
zero to ten megohms. DE is here referred to as the second positive phase of the characteri 


is infinite, the current is unstable and oscillates between its 
maximum positive and negative values. In this region a 
small varying potential applied between grid and plate 
allows the tube to oscillate between these current limits. 
This instability does not make itself felt in the second positive 
phase of the characteristic given by DE. In this region the 
slope of the curve is dependent on the magnitude of the ex- 
ternal resistance Q inserted in the plate filament circuit. 


ANALYSIS OF THE SECOND POSITIVE PHASE OF THE CHARACTERISTIC 


For all values of slope, due to changes in external resist- 
ance, the curves pass through a common zero-current point ) 
to eventually saturate at very much higher potentials. 
Detailed structural changes in this phase are shown in Figs. 
3 and 4. 
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Second positive phase of the characteristic, referred to in Fig. 2 (2) DE, is here shown in detail. 
The resistance changes considered are from .2 to 1.0 Q-in .2 Q stages. Between current limits 
ndicated, the slopes show no change and have a common intercept Ve. 
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megohme are shown. For current limitations of 2 x 1077 amperes or greater the slopes may be 
considered invariable, having a common intercept Ve. 
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These two figures also show how an increase in grid poten- 
tial moves the intercept on the voltage axis to higher values. 

Fig. 3 is introduced to illustrate how a resistance, varying 
from 0.1 to 1.0 megohm, changes the slope of the characteristic. 
In Fig. 4 a resistance changing from one to ten megohms is 
used to illustrate this. In the latter case, because of the higher 
grid potential, corresponding higher plate-filament potentials 
must be used to get an appreciable change in slope per unit 
change in resistance. 

It will be noticed that in both cases an increase in external 
resistance is accompanied by a corresponding decrease in the 
slope of this phase of the characteristic. 

The question then arises, will a change in the external 
resistance, introduced in the plate-filament-galvanometer 
circuit, result in a reproducible change in this slope of the 
characteristic, and is this change in slope proportional to 
the change in resistance? 

It will be noticed that the characteristic curves of this 
second positive phase as shown in Figs. 3 and 4 are distinct} 
linear between currents, ranging from 2 to 4 X 107’ amperes. 
Using this current range as determining the slopes of the 
curves it will be observed that all the tangents defining the 
slopes of the curves have a common voltage intercept for any 
predetermined grid potential. This implies that Ohm’s Law 
is strictly obeyed provided the above limitations of current 
are adhered to. 

If the change in slope is proportional to the change in 
resistance introduced in the plate-filament circuit it should 
follow that a linear relation must be obtained when the 
reciprocals of the above slopes are plotted as a function of the 
external resistance, having an intercept comparable to the 
resistance of the circuit less that resistance referred to as the 
external resistance. 

In Fig. 5 upper curve, the reciprocals of the slopes, 


Vi oe Vo, 
I 
are plotted against various standard megohm resistances and 


shows the linear results sought for. Applying the method o! 
least squares to the data it can be shown that the most prob- 


ol 
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able relations governing these two variables is given by 
(V; — Vo)/I = 67.9R + 4.03 X 10’ for a grid potential of 360 
volts with resistances varying from 0.1 to 1.0 megohm and 
(V, — Vo)/I = 79.5R + 2.50 X 10! for a grid potential of 450 
volts and when resistances of from one to ten megohms are 
used. These two typical cases are cited to illustrate the 


linear relations sought. 
| j 
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Shows that the resistance in megohms introduced in the plate-galvanometer circuit is a linear 
function of the potential applied to the plate. Upper curve for a range of resistance from zero to 
one megohm. Lower curve for a range of resistance irom one to ten megohms. 

Hence in general if V; is the potential of the point P with 
respect to the negative end of the filament (see insert, Fig. 2) 
as read by a voltmeter when a given standard resistance R, 
is introduced in the plate-filament circuit, resulting in a 
deflection J of the current meter G, then our data shows that 


V, — Vo 


7 = aR, + b. 
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If then V, is the subsequent potential that will cause the 
current meter to show an identical deflection J for a resistance 
R, then 


iS. oe ag 
I 
Hence 
Vi = Ve Ol R, 
V2.—Vo—bl R,’ 
or 
"ie OR, 
V.—K_ R, 


It then follows that for a known calibration constant, K. 
determined by the choice of tube, grid potential, filament 
current and Vo, the voltmeter reading minus a calibration 
constant K, is proportional to the external resistance under 
investigation. Hence a voltmeter possessing a linear scale 
can be converted into a direct reading linear megohm scale, 
differing from it only by a zero shift in the scale amounting 
to an experimentally determinable value K. 

To illustrate the relative magnitude of the constants we 
must again refer to Fig. 4. Here 


Vi-V . 

aoe ais = 79.5R + 2.50 X 10’, 
for a converted voltmeter scale reading from zero to 10 
megohms. 


Then for a galvanometer reading of 4.00 X 107’ amperes 
and a calibration value of Vo equal to 385.0 volts and a 
standard megohm in the circuit, 

V; — 385.0 
4.00 X 1077 


= 79.5 X 108 + 2.50 X 10’. 


Hence 
V; — 385.0 = 31.80Q, + 10.00. 


If now the standard megohm is replaced by an unknown 
resistance R, and a potential V2 applied to reproduce in the 
current meter a reading of 4.00 X 1077 amperes it follows that 


V2. — 385.0 = 31.802, + 10.00. 
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Hence the ratio of the unknown resistance 2, measured in 
megohms is to the known standard one megohm resistance 
0 as 

Vi — 395.0 Q 
V2 — 395.0 2,’ 
so that if 2 is one megohm and JV, the potential in volts 
necessary to produce the required constant galvanometer 
deflection, then in general, 


Ve—k =cQ,. 


Hence a linear voltmeter scale can be calibrated to represent 
a linear megohm scale. 

I take pleasure in acknowledging the assistance of my 
former students, Karl Morgan and H. B. Mulkey, in taking 
the many painstaking observations. 


CuaPeL Hur, N. C. 
January, 1930. 


BIBLIOGRAPHY. 


), Hutu, P. I. R. E., 6, § (1918). 
Hutt, E. F. HENNELLY AND F.R. Erper. P. IJ. R. E., 10, 320 (1922). 
. NEwsBotp. Q. S. T. (Feb., 1930). 


PE 


GS CD LS SOLES TE TR TYEE: «Glee ae ae 


626 CuRRENT TOPICs. (J. F.1 


Method of Measuring Strains between Glazes and Ceramic 
Bodies. H.G.ScHURECHTANDG.R. PoLe. (Bureau of Standards 
J. of Res., Vol. 5, No. 1.) The state of compression or of tension in 
the glaze or other finish upon the surface of ceramic bodies de- 
termines subsequent crazing or shivering. “If a glaze is in strong 
compression on newly fired bodies it is not likely to be thrown into 
tension from the subsequent expansion of the body. It is therefore 
less apt to develop delayed crazing than a glaze in tension or onl, 
under slight compression. If a ceramic finish is under excessive 
compression it may shiver.’’ The purpose of this investigation is to 
present a method of measuring by simple and rapid means the 
strains existing between finishes and the bodies they cover. 

Hollow cylindrical rings two inches in diameter with the glaze on 
the outside were used. After firing cuts or holes were made in one 
edge of the ring and into these were inserted thin capillary tubes to 
act as markers. The distance between them was then measured by 
a micrometer microscope. The ring was cut open between the two 
reference marks and the distance between them was again measured 
If the glazes were stretched the ring expands after being cut; if in 
compression the marks are closer together. The same set o! 
measurements was made also with rings without glaze. Thus the 
effect of the finish was found and the state whether of tension or o! 
compression was deduced. 

One conclusion drawn is this “It seems, therefore, that the use 
of glazes which are under strong compression on newly fired ware 
would tend to obviate delayed crazing due to moisture.” 


G. F. S. 


DYNAMICAL ANALYSIS OF MACHINES.* 
BY 
R. EKSERGIAN, M.S., M.E.E., Ph.D., 


Consultant, Engineering Department, 
E. I. DuPont de Nemours & Company 
Member of the Institute. 


OSCILLATIONS OF A LINKAGE MECHANISM. 


We will consider a mechanism similar to a governor linkage 
which is rotated about a vertical shaft with angular velocity ¢. 
The linkage consists of four equal bars forming a rhombus, 
each of length 2a and of mass m and uniformly distributed. 
The lower vertical joint is fixed to the shaft, while the upper 
vertical joint can slide freely along the shaft. The horizontal 
joints are connected by a spring ! with modulus of elasticity yu. 
The initial unstrained length of spring is 2c. The angle of any 
rod with respect to the vertical is @, that is the total angle at 
the bottom or upper joints between the rods is 280. 

The coérdinates of the system are evidently @ and 9. 
The kinetic energy can be shown to be, 


T = ma*[8(sin? 6 + 4) + § sin? 6-47] 
and the potential energy due to gravity and the spring is, 


« Set 
= -dy 


- 


2 a sin 
V = 8mga cos 0 + au f 


c 
8mga cos 6 + fs (2a sin @ — c)?. 


The momentum corresponding to the coérdinate @ is 


os = 2ma*{ 8(sin? é+ 3)6 | = Po 


* Extension of a portion of a dissertation for the degree of doctor of philosophy 
submitted to Clark University, 1928. ‘ 

‘ Constructively, two parallel springs on either side of shaft could be used, or 
simply a fixed guide shaft at the top, the rotating shaft terminating at lower 
hinge. 

Concluded from p. 505, vol. 211, April, 1931. 
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and the momentum corresponding to the coédrdinate ¢ is 


oT 16 : 
— = — ma’ sin’ 0¢ = py, 
7 eae d= Pe 
which is obviously also equal to the angular momentum. 
A.M., about the shaft axis. 
The equations of motion are, 


. . 16 : 
16ma*{ (sin? 6 + 4)6 + sin @-cos @- 6] — deal 6 cos 04 


. a ’ 
= 8mga sin 0 — (20 sin @ — c) cos # 


and 


6 ; * . 
= ma*{sin* 6-¢ + 2 sin @ cos 064] = ©. 


The latter equation is obviously the rate of change of A. \I. 
about the shaft axis equal to the shaft torque ®. 

If we assume an oscillation about the kinetic equilibrium 
position, let w = the angular velocity corresponding to this 
position, and @ the corresponding angle of the rods with 
respect to the vertical. Then, 


O=A+e bO=& P=wtH. 


The equilibrium position is given by the expression, 
a , ° 16 ‘ 
(2a sin 0%) — c) cos 0 = 8mga sin 0) + — ma?’ sin 6 cos 6 
Neglecting the displacements and velocities from th 
equilibrium position of higher order the equations of oscil 
lation are, 


‘ I ‘ 
16ma? ( sin? 0 + + é+ ¥ (2a cos 24) + ¢ sin 4) 


16 
— 8mga cos a ) — — ma’ cos 2ty-u* | 


“ 


16 : 
— — ma?’ sin 20.07 = 0, 


x 


16 . . 
— ma?{ sin? 6)-% + 2 sin 0) COS 0)-wé | = ®. 


x 
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These equations may be written in terms of the coefficients, 
P, Q, K, R, and M and N. If we suppose an impressed 
harmonic torque of some multiple of the shaft frequency, a 
very possible condition in apparatus of this type, we have, 


Pi + (Q — Ko*)e + Ruy = 0, 
My + Nwé = Bp cos mat. 


If we let, € = A sin mwt, 7 = B cos mot, then, 


— mu RP, B See (Q _ (m*P + K)w*) 
D Me D 


ma’ N, — m’w’M 
— (m’P + K)w’ + Q, — mw’R 

If the shaft torque ® is due to the reaction of a torsional 
spring coupling, then @ = — k(@ — wt) = — kn and the 
critical speeds are determined from the determinate, 


D= 


mw’ N, 
QO — (m’P + K)o’, 


Finally, if the apparatus is connected through an elastic 
shaft to a mass of moment of interia J an additional degree 
of freedom y is introduced, then 


b= — k(o —y) = — kL (o — ot) — (y — ot) ] = — R(n — g) 
and the equations of oscillation become 


Pi+ (OQ — Ko*)e + Ray = 0, 
Mi + Nwé = — k(n — Q), 
Ig = k(n —qg) + ®. 


THE DYNAMICAL EQUATIONS FOR A SYSTEM OF VIBRATING DISKS. 


We will neglect the gyroscopic forces. The polar moment 
of inertia through the c. of g. is mk*. Assume the c. of g. 
offset from the center of shaft by 4. Let @ be the torsion 
angle, i.e., the angle turned by vector A in the plane of the 
disk with respect to the y axis. 

Then for a single disk if y, and z, are the codrdinates of 
the c. of g., y; and 2; the codrdinates of the center of the disk, 


deeheaeiid: 


‘ 


a i id el 


co tte 


SERENE RE Aa Baily IY Pa rate Seat re 


yews 


aoe ee 


Fee an i 


RR ete BP 3) 


Lane Mth rene 


+ eR 


ee 
<a 


630 R. EKSERGIAN. J. 1 


the kinetic energy is, 
T = 3m(k?¢? + 9? + 2,7) 

or, alternately, 

T = 3m((R? + h?) 8 + ge + 2° + 2hd(2, cos d — 7 sin 4)), 


The work of the reactive forces of the shaft and weight of the 
disk, are 


— 6V = — YVéy, — Zéz, — mgiz, + Mie 
where 


Vi = ¥o — h cos ¢, 2, = 2, — Asin ¢, 
by, = by, + hsin ¢-5¢, 5z; = 62, — h cos ¢- d¢. 


The equations of motion are, therefore, with codrdinates 
(Yo%0) 
mij, = — Y, mi, = —Z— mg 


mk*¢ = M — Yhsin gd + Zhcos ¢ (I) 


or alternately, with codrdinates (¥2:¢) 


m(ijj; — hsin ¢-¢ — hd¢? cos ¢) = — Y 
m(2, + hcos ¢-¢ — hd sin ¢) = — Z — mg I] 
m((k? + h?)¢ + h(2: cos¢ — j: sing) = M — mghcos¢ 


The system II is expressed in terms of the coédrdinates o! 
the shaft. In system I, the moment equation can be sim 
plified for a single disk, since — Y; = — Cy, = — C\y 
— hcos ¢) and — Z; = — Cz; = — C(z, — Asin 9), so that 


mk + m(Z,Y, — ¥o2Z,) = M — mga, 


which is the equation of angular momentum about the shait 
bearing axis. 

The equations II show that the lateral and _ torsional 
vibrations are not independent, except for the special case 
when the eccentricity of the disk h is nil. 

If we neglect the weight of the disk, noting @ = wi + « 
where w = the mean angular velocity of the shaft, and as- 
suming cos (wt + «) = cos wt {approx.), we have for the 
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loadings on the shaft, 


Y = — m(i — &h sin wt — h(w? + 2wé) cos at), 
Z = — m(2; + é&h cos wt — h(w? + 2wé) sin wf), 
— M = — m(k? + h*)é — mh(2; cos wt — 9g; sin wt). 
These equations offer an interesting verification. If we 
assume rotating axis y' and z', along, and normal to, / with 
moving origin having codrdinates (y,2;) evidently, the acceler- 
ation along y' or A for the c. of g. is 


ij, cos wt + 2, sin wt — hw? — 2whe 
and the acceleration normal to A is 
2, cos wt — #; sin wt + hé. 


Resolving along the fixed axis y and z the acceleration 
components in the above equations are obtained. Evidently 
the moment equation is taken about the moving origin (¥,2;) 
where the reaction components — Y and — Z of the shaft 
have no moments. 

For a single loaded shaft, the potential energy is, due to 
bending, 

V = 3a11(y:? + 2,7) = $61,(Y? + 2%), 
then 
Y = 4119, Z = (2 
where 


21 = b1,Z. 


If we assume a torsion moment, M = — c(wt — ¢) = — ce 
the equations become 


Mi, + AV; = mh(w? + 2wé) cos wt + méh sin at, 
me, + dy12,; = mh(w + 2wé) sin wt — mhé cos at, 
m(k? + h®)é + ce = mh-(g sin wt — 2, cos wt). 


For a system of vibrating disks attached to a multibearing 
shaft, the kinetic energy in terms of the codrdinates of the 
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shaft, is 
T=} 3 Ml (Rm? + Im?) dm? + Ym? + km? + 2hbm 
X (am COS dm — Ym SiN ¢,,), 
and the potential energy has the form 
V = 3[Lais(ys? + 217) + ae2(y2? + 22") + a33(ys* + 2,7) 
+ 2032(Viv2 + 2182) + 2d23(yo¥s + 222s) 


+ 2ds:(Ys¥1 + 23%) +--+] 
+ $[ci2(de — G1)? + Cos- (bs — 2)?-- + J. 


In general, applied torques act on various disks of the 
nature ® = M sin (nwt + a). On substituting ¢ = wi +. 
+ ¢» we have finally the system of equations, 


Mii: + Aius¥i + Giey2 -*- 

= myh;(w? + 2wé;) cos (wt + $01) a meh, sin (wt +o 
Meoij2 + Ge1Vi + Go2Ve -- 

= M2h2(w? + 2wée) cos (wt + doo) + Meeks sin (wt + op.), 
M12, + 1121 + A222 + -- 

= myh,(w? + 2wé;) sin (wt + $01) ow meh, cos (wt + 
M22 + 2121 + Go2%2 ++: 

=> mhy(w? + 2wé2) sin (wt + do2) — Mohs cos (wt + @ 
my(ky? + hy)é: + Crisler — €2) 

= myhy (a sin (wt os 01) — 2, COS (wt 4+ $01) ) + ®,, 
m;(k3* + hz*)é. + C12(€2 ~ €1) + Cosle2 — €3) 

= myha( io sin (wt + do2) — Z2 COS (wt + do2) + ®,. 


For small eccentricities, h, the lateral and _ torsional 
vibrations become independent and the equations reduce to 
the approximate form. 


Mii + AirVi + Gi2¥2 +++ = myhyw* cos (wt + 01), 


MeoiGje2 + QeiVi + Gena °°? = Mehow* cos (wt + do2), 


Mm 2, + 4321 + QieZe +++ = myhyw? sin (wt + $01); 
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M22 + A212; + Go2%2 +++ = Mehqw* sin (wt + go2), 


myky7é, + Cio(€r — €2) = Pr, 
MoRo%éo + Ci2(€2 — €1:) + Co3(€2 — €3) = ®y, etc. 


The condition for the whirling speeds is when the deter- 
minate 
Sis mw", 
a1, 


for lateral vibrations, 


Cig — Mk*w, C12, 
| — C12, Cia + Cox + meoko*w?, 


for torsional oscillations. 

Alternately, we may express the potential in terms of the 
applied forces and redundant reactions as for indeterminate 
bearing reactions. Since that part of the potential due to 
torsion is independent of the lateral loadings, we will maintain 
it in its previous form. We finally arrive at the lateral 
displacements as a linear function of the lateral loadings, 
that is, 

Mi = WV. + hiaVo + ys; ---, 
Yo = har VY, + heeV2 + hasVs ---, 
2) = AyZ, + IieZe + IisZ; ---, 
Zo = hnZ, + hoe + hesZ3 ---, 


where 


— my(Hy o hy(w? + 2wé;) cos (wt + $01) 
— é,A; sin (wt + $o1)), 


Z, =: oe m,( 2; —_ hy(w* +- 2we;) sin (wt + 01) 
o—- €,h; cos (wt + $01), etc. 


The moment equations retain their previous form. 

When h is small, in a first approximation and in view of 
neglecting gyroscopic reactions, we are quite justified in also 
neglecting the torsional effect on the lateral vibrations. The 
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equations simplify then to 


Vi = — mihi (Gj; — hyw* cos (wt + go1)) 
—_ meh2(ije — how? cos (wt + $02) 
- mshi 3(Hs — hw cos (wt + ¢o3)) 
v2> = myho3(a1 —_ hyw* cos (wt a $01) ) 
— Meh22(ij2 — haw cos (wt + do2)) 
om m3ho3( is - h3w? cos (wt +o 
23> -> myhy1( 2, —_ hyw? sin (wt + $01) ) 
— Mohyo(z2 — how" sin (wt + ¢do2)) 
— m3hy3(23 — hw? sin (wt + ¢, 
22> > myho;( 2; <_ hyo sin (wt ia $01) 
nae Meho2( 22 pr how sin (wt + 02) ) 
- mM3ho3( 23 <— hyw? sin (wt + Do 


to 


i These equations may be written in the form 


mihi: + Mohri. + mshysii3 — — + 91 = w"O cos (wt + ¥,), 


Mehoit + meh. + mshesiis — — + Y2 = wR cos (wt + 4 


ey 


with similar equations for z;. Evidently 

1 Q cos (wt + y) = myhyh, cos (wt + $01) 

| + meh2h2 cos (wt + 2), 
| myhyhy sin do: + Mehyshe sin doe 


tan y; = , ORC. 
myhyhy cos do. + Mehy2he cos doe 


The condition for the whirling speeds is when the deter- 


| minate, 

| mhyw" m2 Mhy.w" mM3h130" 

: Meho\w" Moho" mJ mM3ho3w* = O. 
M33," m3h3ow" mM 3h33w" =— 3 


It is to be noted that with elastic bearings of different 
equivalent spring constants in the horizontal and vertical 
| planes, the a’s and h’s are no longer the same as coefficients 0! 
yandz. Thus additional critical speeds will be obtained du 
to the necessity of considering both the y and z equations. 
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RELATIONS OF THE ELASTIC COEFFICIENTS. 

The potential energy of the shaft due to the lateral 
loadings in terms of the displacements has the quadratic form, 
V = dairy? + dooy2? + dsxy3" + 24129192 

+ 2d23V2¥3s + 2031¥3¥1 °° - |, 
where we note the reciprocal relations aj. = de1, d23 = d3e, 
etc., the loadings have the linear form, 

OV 


P, = a11¥1 + a12V2 + 23¥3 ee = : 
Oy: 


P, = doi¥i + 22V2 + Ges¥s *°* = 


P;= A31V1 + As2Ve + 2333 * 


. ~ Oys. 


The potential energy, however, may also be expressed in 
terms of the loadings and the redundant reactions, which can 
be considered as ‘‘reaction’’ codrdinates. 

On Castigliano’s theorem: 


If we express the elastic potential in terms of the loadings 
and the redundant reactions acting on the system, then for 
small displacements, if P; --- P, are the applied forces and 
R, --- R, are the redundant reactions and moments, 


V =f(Pi --+ Pa, Ri «++ Rn), 


so that 
OV oV OV aV 
= — bP, --- + 6P, + aR, --» + 


iV = — 
OP, OP, bR, OR» 


6, (1) 


where otherwise, 
V = 3(Piy: --- Pave + Rim «++ Ruttn) 
and 


bV = 3[ Pidy, + yibP, ants + P5Yn + yrbP, 
+ Ridm, + m6R: +--+ + Rudttn + 2mbRm |. (2) 


i i) le 
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But also 
5V = Pyiby, --: + Prdy, + Ridm --- + Rndtn. 3 
Therefore, combining (2) and (3), 
6V = yi6P1 +++ + ynbP, + m6R, --- + 1, 5R,. \ 
On equating (1) and (4) we obtain 
en 


av 
(2% *. ») es oe 


aV 
+ (2 - Pig eh ors nm ) BR = © 


Since the loadings and redundant reactions am independent, 
then for any arbitrary variations of the loadings and re- 
dundant reactions their coefficients must be nil, so that, 


av aVv _ eV _ av 
—_ 1; Ks dR,,’ Mm _ aR,, 


For constraint redundant reactions, 
5V _ yibP, sso be + yroP,, 


and 
AV aV OV OV 
iF ce eens so: one hh + Soe a =a 2 
. oP, tgp + a tae 
so that 
OV ) va) 
oP, Jil bP, ie _+ bP, 
OV 0} 
a aR, bR, + aR, 5R 
and 
OV aV OV aV 
¥1 or eee ct Va = ’ —- a (), ——=- = () 
OP, OP, OR, OR.,, 


Slope Deflection Theorem 


A very simple application is the slope deflection equation 
of a beam,— 
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We have the statical relation, 
Ma — Mz + Sl = 0, 


where M, and M;, are the constraining moments at the ends 
and S is the shear reaction, @4 and @, are the angular de- 
flections at A and B and y the relative deflection of B with 
respect to A. 

From the statical relation above, the reactions M,, Ms, 
and S are not independent, so that V can be expressed as a 
function of any two of the reaction coérdinates. 

_ OV aV 


5S + 5M a, 


6 as OM, 


- 5S-y <_ 5M4-64 + 6M »-O% 


OM», IM, ) 
Op 


ata 2. be Cee lk 
5S +4 5M, a+ (eo, + a5 5S 


aM : 
le * a) 6M, + 7 -On°dS 


OM, 


— 5S-y + (om 


a (2x5, -y ) 5S + -Z — 4 ) 6M. 


oS OM. 


Therefore, 


oV _oM> 
ass «aS 


dV aM 
aM, oM, 


‘Op — 9, and On — 84, 


but since 
™ OM, oM 
AM = S “ = , a= [: 
1» M, + Sl aM, I as l 
OV 


aM, = Oz —_ 64. 


The bending moment, for any section is M, = M + Sx so 
that 


— 


PEO ———————Ey IE 


ns seitteta ange 


sar ay es ek A 


oe ge 


ea a ts. 


ee, ee ee 
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We have. then, 


or MoM, = Mxdx _ 1 = 
oe faa” hl Cle a 
Mxdx 
y = 1, — Tm 
Ma: 
2—-% = tz 


The above shows the process of analysis required in the 
more complex problems in the application of Castigliano’s 
theorem. 

In the procedure of a shafting problem, with applied loads 
P,P.P; --- and redundant bearing reactions, R,,R, --- th 
potential energy has the quadratic form, 


V = 3(biP 1? + doeP2? + dgsP3? +++ + CamRm? + CanR,” 
+ 2b:2.PiP2 + 2b23P2P3 + 2b3:PsP, --- 
+ 2CimPiRm + 2ComP2Rm + 2CamP3Rm - 
+ 2CinPiRn + 2CanP2Rn + 2ConPsRa- ++ CrnRmR»° 


The redundant reactions are obtained from the conditions, 


OV 
aR. _ Centar + Cunle + CimP + ComPs + Caml’ 3 = VU, 
OV a 
aR = Coske + MS + CinP; + ConP2 + CanP3 = U, 
or otherwise, in an actual calculation, 
av _ > Mem _, Se 
ORmn Oi Ole ry ee EI AR, — 


Where the bending moment M is expressed in terms of th 
loadings and redundant reactions. 

From these equations we obtain the redundant reactions as 
linear functions of P,P, etc. Thus for the case of two re- 
dundant reactions, 


Rn RimP + RomP 2 + RamP 3, 
R,, - JinP + jonP» + janPs, 


as ih ob ig 
Nate Te iene 


SAE a ee 


CES 


- Pi aA AS a i elo 
RE ee ie ast Mingle 
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where 


“ile Canlas x% oe om 


A ol tek Oe 
Rim sit Rom ssi ; er 


Gu” wy A oe ' Gua™ a Casl-an 


. Cron ae Cahn n j i Sas Ciba n ‘ 
Jin = ~ ’ 2n = € ‘ ~ ’ 
7 Ca = ad Saat nn Con” = CenCaa 


The deflections at the loadings P,P.P; --- are, 
av 


es oes bi Pi + bP. + b13P3 + Cina + CinRa, 
BB baP: + beeP2 + besPs + ComRm + ConRn, 
Vs = bsiP1 + bs2P2 + b33P3 + Camlm + CanRn. 


Eliminating the redundant reactions, we have 


Vr = AP, + hyeP2 + MsPs, 
Js = hoP: + heeP2 + hesP3, 
V3 hsP; + h32.P 2 + hssP3, 
where 
yy = b1, + CimRim + Craniias 
hy = bia + Cimkom + CinJon = be; + Comkim + ConJim = hy; 
his = hey, in like manner, he3 = hye, etc. 
The relations Ay. = he, hes = Ago etc. are also evident 
from a direct application of the reciprocal theorem. 
In the case of a continuous system, for redundant re- 
actions between any two parts, we note from the principle of 


action and reaction between the parts and the common 
displacement of the interface dividing the parts that, 


dV; = 8 dV» ain 
ee, aR 

where V= Vi + Vo. 
OVi | V2 _ aV _ 
dR’ @R OR 


— 6, 


O 


for the redundant reaction R between the parts. 


|e 


640 R. EKSERGIAN. [J. 1 


In the consideration of elastic bearing supports, we hav 
additional terms for the potential in the form, 


1 ae ® te 
a" aC nn® eae , etc, 


C, 


1 eee 
5 Cm Vm rt 


Treating the shaft and springs of the supports as a con. 


tinuous system, the redundant reactions are obtained from 


OV I 
aR» ‘an (++ Cun + Cache 
+ CimP 1 + ComPs + Cant’ 0 
oV I 
OR, we al + Con) Re + act 


+ CinP: + C2,P 2 + CrP v 
The displacement at the loadings are 
av _ av aV 


Vi = V2 oa 


RR cane * 
Substituting for the redundant reactions, we again hav: 
the displacements as a linear function of the loadings, i.e., 
Vi = AyPi + AyP2 + MsPs, 
Yo = heP; + hoeP2 + hosP3, 
Vs = hy Pi + hseP2 + AssPs. 


By asimple transformation we may finally express the loadings 


as a linear function of the displacements, i.e., 
P, = 41191 + Gi2¥2 + 41393, 
P, = G11 + 222 + @23¥3, 
P;= @31¥1 + Q232V2 + 2333, 


where 
hoehes hishis hyshie 
hsohss i hsihss ad hehe» 
a= D ’ ade. = D ‘ a3 = -— 
hy2hy; hishy. hehe» 
hsohss hsihae harhs2 | 


ai = 


ad23 = a3; = - 
D 


ie wer a ee ele 
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where 
Aihy2his 
D = | hesheehes| . 
hs:hsehss 


This procedure can be extended to further degrees of 
freedom. 


ENERGY METHOD IN SHAFT ANALYSIS. 


It is well known that the whirling speed of a shaft corre- 
sponds to the natural frequency of vibration for lateral 
vibrations. Good approximations for the fundamental fre- 
quency are obtained by assuming an arbitrary deflection 
curve of the shaft and equating the maximum strain energy 
in its deflected position to the maximum kinetic energy in its 
neutral position. This method was introduced by Rayleigh, 
and Morely applied it to the shaft problem, assuming the 
deflected curve to correspond to its static deflected position. 

When, however, this method is applied to disks subjected 
to angular vibrations sufficiently small so as not to affect the 
deflected curve corresponding to lateral vibrations alone, the 
natural frequency is found to be lowered whereas actually the 
whirling speed is raised. 

If the rotational speed is included in the expression of the 
kinetic energy for a deflected disk, Chree regarded the whirling 
speed as that speed for which the frequency of vibration 
becomes nil, that is, the critical speed at which the shaft 
ceases to vibrate. Lorenz, Féppl, Lees, and others consider 
the critical speed with a slightly unbalanced disk simply as a 
condition of resonance, that is, when the forced vibration 
resulting from the centrifugal loading coincides with the 
natural frequency. 

We will regard the whirling speed as a condition of kinetic 
instability. The condition ef stability approximating the 
critical speed means that the total input into the shaft and 
the work of the internal elastic reactions do not exceed the 
rotational kinetic energy at the maximum deflected position. 
If this work exceeds the rotational kinetic energy at the 
deflected configuration we have the condition of instability. 
Therefore, the whirling or critical speed corresponds to that 
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speed at which the work done on the shaft from its neutral or 
undeflected position to its deflected position, including the 
corresponding change in the elastic potential, is just equal to 
the rotational kinetic energy alone in the deflected position. 
We may regard the work from the neutral to the deflected 
position to occur approximately at the critical speed. 

At first, disregarding the angular turning of the planes of 
the disks, we have 


d(mwy”) 


2 dt 


wdt=dV+>dd (E mary? + mi ) ; 

where the first term is the work of the impressed torque and 

V is the potential energy of the shaft. Then, 

LX w-d(mwy’) = dV + LY m(wydy + yw-dw + ydy), 

x m(2e*ydy + Yudw) = dV + ¥ m(w*ydy + Yudw + yd); 
X mu*ydy = dV + LY mydy, 


and the total work from the neutral to the deflected position, 
noting the lateral velocity is zero at the extreme positions, is 


v Vv 
0 0 0 


_ Lemay _ y _ Emey 


2 


= (approx.). 
That is, the work of the centrifugal forces equals the elastic 
potential energy at its deflected position. 

If now we consider the angular deflections of the plane o! 
the disks and assume the deflection to occur at synchronous 
precession, and if &) = the polar radius of gyration of an) 
disk and its radius of gyration about a diameter, then for a 
deflection @ for any disk, the angular momentum about the 
shaft axis is approximately, 


A.M. = ©} mk,?w cos? 6+ > mk*w sin? 6+ Y mwy’ 
dX m(ke? — (ke? — R) sin? 0)w + Y mwy’. 


The impressed torque on the shaft is, therefore, 


d(mwy") 
dt 


= — 2 > mo(k? — k’) sin @- cos 0-6 + ¥ 
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The change in kinetic energy from its neutral to its de- 
flected position may be estimated as follows. The kinetic 
energy at the neutral position is simply 3} © mk,?w*. At the 
deflected position the kinetic energy is, 


> mo*y? + 3} > mkw cos? 6 + 4 ¥ mk? sin? 6. 
The change cof kinetic energy is 
5 > meu*(y? — (ke? — k*) sin? @). 


The equation of energy between the neutral and deflected 
positions is, therefore, 


f dt —- V= . > muw*(y? — (ky? — k?) sin? 6). 


But since, 


e 


j y 
Pwdt = — 2f ¥ mu? (ko? — Rk?) sin 6 cos 6d6 + { Yd(mwa’y’) -w 
0 0 
— ¥ ma? (ko? — k?) sin? 0+ + mw’ y’; 
}w? > m(y? — (ky? — k*) sin? 6) = V. 


For small displacements sin? 6 = @, and for circular disks 
k = 2k’, and if V is measured by the potential energy corre- 
sponding to the static deflection curve, 


pw > m(y? — R76) = 4 > megy. 
Hence the whirling speed is given by 


¥, gd my 
~ Lm — k6*) 


> 


On the other hand the natural frequency is 


gimy 
> m(y? + k6*)’ 


p? = 


and neglecting the gyroscopic effect, 


>» . £Lmy 


. A! oe 
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ON INERTIA COEFFICIENTS AND VELOCITY RATIOS. 


The kinetic energy of a dynamical system is a homo. 
geneous quadratic function of the independent codrdinates 
Thus, for two degrees of freedom, 


T = $(€41$:? + do2d2? + 20124142), 


where the coefficients of inertias expressed in partial velocity 
ratios have the form, 


ay; = > M (Kx, + Kx.) + LIK", 

ao. = UM (K*24, + K*,4,) + LIK" ,4,, 

aig = Qa = UM (Kip Kig, + Kyo,Ky,) +> Dl Ky. Kye 
where 
Ox A Ov ee A . 0 
06) ’ vo, ~ dd, and Ky, ae Oo." hg dd. 


In a dynamical system, we have a variety of inertia 
distributions. The M’s may refer to the total mass of a 
member and J, its moment of inertia about its c. of g., s 
that the velocity ratios are derived from the coérdinates of th: 
c. of g.’s and the angular displacements of the members. Or 
we may regard the M’s as the weighted loads at the joints o1 
pins and the moment of inertia J = M(k,? — 2(1 — z)), where 
z is the distance of the c. of g. from either pin and &, is th 
radius of gyration about the c. of g. For this case th 
velocity ratios are referred to the pin joints and the angular 
motion of the members. 

Let us assume generalized forces applied to the system o! 
the nature, 


Kup, = 


; ee 

®, = U(X Kaz, + YKy,,) + ULKy,, at do ’ 
1 

. a OV 

P, = U(X Kay, + VRy,,) + ULK yo, bre db.’ 


where the L’s are the applied torques or moments and | ‘Is 
the potential function not otherwise included in the applied 
loading. It is to be noted reactions of constraints an¢ 
internal reactions which have common displacements as in 
rigid bodies, are excluded. 


Fs WI PR ACESS 5 Zab Badu Mab a be cay co oR TY ay 
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From the Lagrangian equations, noting the coefficients 
of inertias themselves are functions of the independent 
coordinates, we have for two degrees of freedom, the equations 
of motion expressed in terms of the inertia coefficients, 

I 0a}; aa 


ayio1 + i2d> ne al 


ih x Sees ) ge + 24g 
2 2 dd) Ode dia 


I Ode 
dyob2 + A219) = ae = 2 dds 


x Sou ) 4 O42 
2 dbs oy a0; o1o2 


The form of these equations are the basis of the Christoffel 
notation. We wish to show, however, that the equations in 
terms of partial velocity ratios previously derived from 
D’Alembert’s principle, can also be derived from a consider- 
ation of the inertia coefficients in these equations. Since 

Qa\; = > M (Kx, + K*14,) a DLIK*,,,, 
Qo. = > M(K*4, + Kx.) + DIK y,, 
Qyo = Aq, = UM (Ki Kay, + Kyo Ky,) + D1 Ky4, Kyo, 


we have 
da 12 


Ide Ul Kys,K ye, 


fa) ' - > . 
= 55, DM (Kenko, + KwiKve,) +55 


Ode 


_ OK, . OKay 
= EM | (Ka, St + Ku ~ 


2 one 
© Cae + Aus, 3) 


aK aK 
+ =1| (K." = + Kys, ss) 


I Od22 
5 ae = 53g, EMR at a LIK 


G IK xg, Ky, 


eu (K ea K Ys IK OK ve, 
*# Od) = a - - Od, 
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Since, however, 


OKy Kus ex IK ys, a IK ys, a) 
0g» Od 991062’ do. 96, A100 
and 
OK ye, es AK ys, ay 
dg. 9G, += AG 0G 
we have 
Odi2 1 Ode. _ ( ‘ OK x, =) 
Od» 206, UM \ Bo, Ob: Kye, b> 
. OK 
DL 1Kys, r 
In like manner, 
Od12 I 0a; (x OK , Ky ) 
siniak <gaee chalice vane A K, PRD 1 
06, 2 Ad» = 2M * 86, wr Od, 
Of 
+ D1Ky,— 
Also, 
I 0a); ( . OKys Ee) 45. 
-~-—-= YMIK } } 
2 Od; “ Be 0¢; “ vy 0¢ idea ene 
pd = 23 4 9K, a) sy r "OK 
—* 2EM (KX + K,, va + 2D [Ky,, - 
and 


Od» 
dK y 


» 


Odo OK OK 0 A 
= M (Ku, 4. K, *) Sk —* 
. p 2 Ids 7 od: db 4 — WO, - 

Odo ‘. ( OKy OKs 


Kay Git + K :) + 2D1Ky, 


en Oo) do 
On substituting in the equations of motion in terms of th: 

inertia coefficients, we obtain, 

K OK x5, 


, te) 
EMK | Kayds + Kaa +e? + 
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K Orth ori 
+2 a bid +, + EMK | K Kyo: + Kyo,62 


mea Ok. . aK 
+ — 2 g;? + —™ 67 + 2 oF on dss 


dg, Od» 0g» 
, “aa av Kes a 
+ LIK y6,| Kyo.o1 + Kyo: + o: 


1 


aK, 
Io: 


+ $2” 


and 
OK, so 
—— Pr 


— + Kid. + 
. 7 091 


OK see som sen 
| | + EMK yo Kies + Kydes 


dg. 
+ EK) Kies = Kyo,2 + 


where 


-= , etc. 
Odo) 06100» 


In a similar way for three degrees of freedom, 
T = 3(di1¢1? + doogo” + A33¢3" 
+ 2diedide + 223¢0¢3 + 243146391) 


for the kinetic energy in terms of the inertia coefficients, where 
as before, 


lo; = = > M(KyK.4, + Ky,Ky¢,) 
+ DI(Ky Kye, + Kyo Kye,) 


a3; = > M(K am + X oe) + 2A Oey etc. 


From the Lagrangian equations for the ¢; codrdinate, noting 


PIE GSP as 
ee erent. 
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the inertia coefficients are functions of the codrdinates, 


I 0a, OA j2 I Sox) ie 

41101 + Aisds + disds + = 2 bd. o: + ads 2 do 

Oai3 _ I oo) 6. 0a); P 

+ aa poet 
bos 3 06)” * 6, 
002 0413 0023 - Qai.. , 
—. ae f 
+ (S242 re Eve $203 t 36, O19? 


with similar expressions for ¢2 and $3 codrdinates. 
To transform the coefficients to the form of velocity 
ratios, we note 


001» a I Od22 al ¥M (K., ~ + K aes) 


do. 2 Ad; Ad: 
+ EK 
Oa;3 1 Odg3 ( ee aK ) 
—=- "= oM( Ky — ves 
0g; 2 Od; =2 “3g, 1 5% Od; 
+ D1Kv, * 
and 
Od\2 a Odo; ( Pe OK ur - sen) 
— = M\K i+ KK. —— 
03 v5 Og) ~ on 3 ea Oo; 
OK 
TK —— 
+ 2 v6, ye 


Therefore, the generalized equation of motion in terms 0! 
partial velocity ratios, for three degrees of freedom for the 
coérdinate ¢; is 

se 


2 


EM |K Kan) Kang + Ki.2 +K 


1 
OKz,, ,  ! | re a | 
fp meee Ge? 4 o 4 2 + 2—™ bids +2 
Obs” rv Ot Og» Oba 


at + Kye | Kund + Ky2 + Ky,03 
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ORs gs 4 Rom go 4 OKom pe 4 2 Kon 
0d) Id>2 Oo; b> 
a ea 2 —— 
+ 2— oe bnbs + 2 ey 4:61 +2! |Kyn| Kies 
3 1 
4 Rs OK 0K 
Pe A eZ. + bf 4 Wg? 
+ Kygb2 + Kyo: ye oi + dbs go + abs 
OK, . , OKys*, , OKy, . , 
+ 2 YF bids + 2 ~ G2o3 + 2 % 4.6 | ®, 
po O¢3 0g 


+ oi¢2 


OKs .. 
ee Q3 


with similar equations for ¢2 and @3. 

Evidently the terms in brackets are the generalized 
acceleration components and the multiplying partial velocity 
ratio reduces the generalized inertia loading to the particular 
coérdinate under consideration. This latter is analogous to a 
mechanical varying gear ratio with respect to any particular 
codrdinate, for any given inertia element of the mechanism. 


CONCLUSION. 


The subject of dynamics of machinery offers a particular 
theoretical field for the application of general dynamical 
methods in a category quite comparable to gyrostatics and 
similar provinces in dynamics. Considering its practical 
importance it is fundamental in the field of technical engi- 
neering and offers a very unique field in applied .physics. 

A primary object of these articles has been to maintain 
only the theoretical aspect of the subject as a branch of general 
dynamics. The development in this work of the dynamical 
equations directly in terms of velocity ratios and their 
derivatives for both one and several degrees of freedom is of 
particular use in the specialized subject of dynamics of 
machinery. It gives a connecting link between the now 
separate but well developed field of engineering kinematics and 
the dynamics of mechanisms. The preliminary analysis, 
however, offers considerable extension in both analytical and 
graphical procedures. Emphasis has also been made on the 
use of redundant coédrdinates with the equations of conditions 
or constrained velocity relations as a procedure of determining 
constraint reactions and internal reactions in a mechanism. 

Other branches of this subject that await considerable 


a, a a 


“ 
ote ele 
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development are the application of gyroscopic theory in 
machinery, mechanical devices, and control apparatus. Also, 
an important phase is in connection with the oscillations o{ 
mechanical electromagnetic systems in control apparatus an 
with prime movers, synchronous motors, etc., in complex 
electric power systems. The field of vibration of machinery 
is under way, but it will always have a fertile field of many 
applications and further extension in theory. 

Very closely connected with the subject and really an 
integral part pertains to the study of electromagnet reactions 
and fluid dynamics. 

These articles will quite fulfill their purpose if the presen- 
tation of the subject adds some further interest to the possi- 
bilities of the subject of dynamics of machinery as a branch of 
Applied Physics and Technical Engineering. 
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NOTES FROM JU. S. BUREAU OF STANDARDS.* 


LIQUEFACTION OF HELIUM. 


On April 4, Dr. George K. Burgess, director of the National 
Bureau of Standards, announced that helium had been lique- 
fied in the bureau’s cryogenic laboratory on the afternoon of 
Friday, April 3. Liquid helium temperatures were main- 
tained for two hours and a temperature of — 271.2°C. 
(— 456° F.) was reached, which is only 1.9°C. (3.4° F.) 
above Absolute zero, — 273.1° C. (— 459.4° F.). The tem- 
perature of liquid helium at atmospheric pressure is — 269° C. 
(— 452° F.), but it can be cooled further by reducing the 
pressure of the helium vapors over the boiling liquid with a 
vacuum pump. As a result of many months of work in the 
cryogenic laboratory not only was the liquefaction of helium 
accomplished for the first time in the United States but also 
the lowest temperatures ever attained in this country were 
reached. 

The helium liquefier was operated for the first time on 
March 18, at which time it is believed liquid helium was pro- 
duced. The positive evidence of the presence of liquid helium 
obtained April 3 was not obtained March 18, since the appara- 
tus with which it was proved that liquid helium was being 
produced was added after the experiment of March 18; 
however, no changes had been made in the liquefier. The 
successful production of liquid helium will permit the bureau 
to extend its investigations of the properties of matter to the 
lowest attainable temperatures. It may also assist in the 
establishment of a new low fixed point on the International 
Temperature Scale, the establishment of these natural con- 
stants being one of the primary functions of the bureau. 

The initial step in the process of liquefaction of helium 
is the purification of the gas to remove substances which 
would otherwise freeze in the liquefier and stop the flow, 
since at liquid helium temperatures, all substances with the 


* Communicated by the Director. 
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single exception of helium are solids. After purification the 
gas enters the liquefier which is inclosed in a metal case sur- 
rounded, except for an opening at the top, with liquid air at a 
temperature of — 190°C. (— 310° F.). In the liquefier the 
helium expands through a valve from a high pressure to a oy 
pressure. The helium in expanding becomes colder and th 
refrigeration effect is used to lower the temperature of the 
compressed helium that follows it. The temperature con- 
tinues to fall until the liquefaction point is reached: — 269° ( 
(— 452° F.). It is necessary to reduce the temperature of th 
compressed helium before expansion, with solid or liquid 
hydrogen, as otherwise the helium would become warmer 
instead of colder. Liquid hydrogen boils at —253° ( 
(— 423° F.) and freezes at —259° C. (— 434° F.). In order 
to liquefy helium, it was necessary therefore to make first 
liquid air and liquid hydrogen. In the liquefier the helium 
flows through a series of coils of metal tubing suspended 
inside a succession of metal cases and vacuum jacketed vessels 
so arranged as to prevent as far as possible any transfer of heat 
to the coldest parts of the liquefier from a warmer exterior 
The amount of refrigeration that is generated is so small that 
the success of the apparatus depends on obtaining almost 
perfect insulation. 

Proof of the presence of liquid helium was obtained by two 
independent methods. The temperatures were measured 
with a vapor pressure thermometer filled with helium, th 
bulb of which was immersed in the receiver of the liquetic: 
in which the liquid helium collected. The bulb was connected 
to a mercury manometer outside the liquefier. The vapor 
pressure of the liquid helium in the bulb was determined b) 
measuring the length of a column of mercury which the vapor 
would support. Using a known relation connecting the vapor 
pressure of helium with its temperature, the temperatures 0! 
the liquid helium in the liquefier were determined. Th: 
vapor pressure thermometer was so made that the volume o! 
the vapor space could be changed by raising or lowering th 
levels of mercury columns in a large glass bulb and in an 
auxiliary glass tube. The fact that the vapor pressure, as 
read on the mercury manometer, did not depend upon the 
volume of the vapor space was proof of the presence of liquid 
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helium. In order to obtain still further evidence, a lead 
and tin electrical resistance unit was constructed and placed 
in the liquid helium reservoir beside the bulb of the vapor 
pressure thermometer. It is already known that lead loses 
all of its electrical resistance and becomes a perfect conductor 
at — 266° C. (— 448° F.) and that the same is true for tin at 
— 269°C. (— 453° F.). This is called supraconductivity. 
That these temperatures were attained was therefore proved 
by the fact that both the tin and the lead lost their resistance 
and became supraconducting. 

This phenomenon of supraconductivity is only one of the 
strange effects of these very low temperatures. Although tin, 
lead, mercury, and a number of other metallic elements and 
alloys become perfect conductors, metals like copper, gold, 
and silver, which at ordinary temperatures are the best con- 
ductors, do not become supraconducting, so that the metals 
which at ordinary temperatures are considered poorer conduc- 
tors become infinitely better conductors at liquid helium 
temperatures than copper, gold, and silver. 

Helium has been liquefied before in three other countries, 
first in Holland at the University of Leiden, next in Canada 
at the University of Toronto, and then in Germany at the 
Reichsanstalt and at the University of Berlin. The liquefier 
constructed by the Bureau of Standards is essentially like 
the one designed by Dr. Martin Ruhemann and used by him 
to make liquid helium at the University of Berlin. Some 
changes in the nature of improvements have been made. 


SUNLIGHT AND DAYLIGHT FILTERS. 


Miscellaneous Publication No. 114 of the Bureau of 
Standards which was released last month, deals with filters 
for the reproduction of sunlight and daylight, and the determi- 
nation of color temperature. For scientific and technical use 
in photographic sensitometry, colorimetry, and photometry, 
the following filters, reproducible from specification, have 
been developed : 

(1) A series of filters by means of which the spectral 
energy distribution of a Planckian radiator (black body) at 
any temperature from 2,300 to 4,000° K, inclusive, may be 
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converted into a close approximation of the spectral energy 
distribution of mean noon sunlight at Washington. The 
data cover the range from 350 to 720 millimicrons. Ligh; 
transmissions have been computed for all the filters. 

(2) By designing these filters so that they all give an exact 
color match with the adopted mean sunlight, in addition to a 
close energy match, they may be used to calibrate the intensit) 
and color temperature of incandescent lamps at any color 
temperature above 2,300° K, provided a source is availab| 
calibrated for intensity and color temperature at some one 
color temperature within this range. The comparison of 
intensities of incandescent lamps at different color tempera 
tures may thus be made under conditions of exact color match 

(3) A second series of filters has been developed for con- 
verting the color of a Planckian radiator at 2,848° K to that 
of any Planckian radiator between 3,500 and 10,000° kK 
inclusive. 

(4) Seven additional filters, not in the above series, ar 
also described, viz.: 

(a) A filter for converting 2,848° K to the color of the sun 
outside of the earth’s atmosphere, which satisfactorily repre- 
sents the color of overcast sky, this filter thus affording a 
reproducible daylight standard. By combining this filter 
with sources at various color temperatures between 2,300 and 
3,000° K, colors closely matching various phases of sunlight 
and daylight may be obtained. 

(6) A filter for converting 2,848° K to Abbot-Priest sun- 
light. 

(c) A filter for converting acetylene to mean noon sun 
light at Washington. 

(d) and (e) Two filters, one for converting 2,848° Kk t: 
noon sunlight at the summer solstice at Washington and t!x 
other for converting 2,848° K to noon sunlight at the winte: 
solstice at Washington. 

(f) and (g) Two filters designed to cover a wide range 0! 
black-body color temperatures by varying the color tempera 
ture of the light source between the limits of 2,000 and 
3,100° K. With this variation one of the filters covers th 
black-body scale from 2,650 to 5,000° K and the other from 
4,000 to 19,000° K, 
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The filters consist of a two-compartment cell with three 
borosilicate crown glass windows, the two compartments 
being filled respectively with solutions A and B, having com- 
positions as follows: 


Solution A. 
Copper Sulphate (CuSOQ,.5H.0).. . Bieta ay c grams 
Mannite (Cs6Hs(OH).) j = ¢ grams 
Pyridine (CsH5N) a Gated os 5 ai 
Water (distilled) to make. . 1000.0 cc. 


Copper Sulphate (CuSO,. 5H:O) a3 c, grams 
Cobalt Ammonium Sulphate (CoSO,. (NH,4)eSO,.6H2O)........... C2 grams 
Sulphuric Acid (sp. gr., 1.835) . 10.0 ce. 
Water (distilled) to make...... 1000.0 cc. 


The values of c, c;, and c, vary from one filter to another. 

The design of the filters has been based upon extensive 
spectrophotometric measurements of the component solutions 
and cell, including a study of Beer’s law over the ranges of 
concentrations used, and upon methods of computation giving 


accurate color matches and relatively good spectral energy 
matches between the source-and-filter combination and the 
energy distribution which it was sought to duplicate. De- 
tailed studies have been made of the reliability of the data, the 
spectrophotometric reproducibility of the chemicals, the per- 
manence of the solutions, their temperature coefficients, and 
various other factors of importance in the preparation and use 
of the filters. 

The paper contains 33 figures and 26 tables, giving among 
other things the energy distributions and fundamental spec- 
trophotometric and colorimetric data used in the computa- 
tions, auxiliary spectrophotometric and colorimetric informa- 
tion obtained during the investigation, and the trilinear coérdi- 
nates of the various source-and-filter combinations and of 
the Planckian radiator from 1,600 to 20,000° K computed on 
the basis of the adopted mean sun as the ‘‘neutral”’ stimulus. 
The filters are further described in 38 charts, each chart giving 
the chemical formula, the spectral transmission, and the light 
transmission of the filter, as well as the spectral energy distri- 
bution of the source, that of the source and filter combined, 


658 U. S. Bureau or STANDARDS NOTEs. (J. F. I. 


and the energy distribution which serves as the ideal in that 
bs particular case. 

naa Copies of this publication may be obtained from the Super- 
intendent of Documents, Government Printing Office, Wash- 
ington, D. C., at 45 cents each. 


METHODS AND APPARATUS USED IN SPECTROPHOTOMETRY. 


In a paper which has been prepared for the Journal of the 

Optical Society of America, brief descriptions are given of the 

methods and apparatus used in making spectrophotometric 

measurements in the colorimetry section of the bureau. Ful! 

descriptions have been given in the publications to which refer- 

ence is made. What is noted particularly in the present paper 

are those features of the methods which tend to insure relia- 

| bility in the values obtained. It is shown that the photo- 

metric scale of the Koenig-Martens spectrophotometer can be 

independently checked and greatly extended by means of the 

rotating sectors. The means taken to eliminate wave-length, 

slit-width, and stray-light errors are noted, particularly the 

use of homogeneous light of certain wave-lengths in th 
‘ measurement of transmission. 

The degree of agreement ordinarily obtained with the 
visual, photoelectric, and thermoelectric methods is shown 
by several illustrations. The reliability of the non-visual 
methods is checked by their agreement with the visual method 
. at those wave-lengths where the latter is reliable. In turn, 
. the non-visual methods serve to maintain the reliability of th: 
measurements throughout the end regions of the visible 

spectrum where the sensibility of the eye is extremely low. 


TWO NEW CRYSTALLINE DIFRUCTOSE ANHYDRIDES FROM 
HYDROLYZED INULIN. 


It has been shown by Jackson and Goergen (Bureau o! 
Standards Journal of Research, Vol. III, No. 1; July, 1929; 
RP-79) that inulin upon hydrolysis in aqueous solution with 
sulphuric acid yields a mixture of sugars consisting of 92 
per cent. fructose, 3 per cent. glucose, and 5 per cent. of a 
group of nonreducing disaccharides, one of which was isolated 
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in crystalline form and shown to be a difructose anhydride 
having a specific rotation of + 27.0° for sodium light at 20° C. 

From the mother liquors which were separated from the 
first difructose there was obtained a second crystalline sub- 
stance which by elementary analysis and determination of 
molecular weight was shown to be a disaccharide of empirical 
formula CyHOw. It yielded upon hydrolysis with 0.2 
normal sulphuric acid for 100 minutes at 100° C. two mole- 
cules of fructose. It was therefore designated Difructose 
Anhydride II. After careful purification it showed a rotation 
of + 13.85 and a melting point of 198° C. 

The mother liquors from which the second difructose had 
crystallized soon deposited a third crystalline substance which 
similarly showed an empirical formula of CjpH2Oi. When 
treated with 0.2 normal sulphuric acid at 100° C. for 110 
minutes it was partially hydrolyzed to a levoratory substance 
which by chemical analysis was found to consist solely of 
fructose. It was therefore designated Difructose Anhydride 
III. The polariscopic analysis of the hydrolyzed sugar indi- 
cated the formation of an intermediate product of hydrolysis. 

The purified substance showed a specific rotation of 
+ 135.64 and a melting point of 162° C. 

From the 5 per cent. nonreducing portion of hydrolyzed 
inulin have now been isolated the three difructose anhydrides 
whose properties are summarized in the following table: 


Difructose Anhydride. 


Property Studied. 
I. 


Specific rotation (water)... .... | + 27.0 
Melting point, °C............ .| 16 
Crystalline form Thin plates. r Bipyramids. 


| 

Molecular weight (Calculated, | 
324). | 307 308 

Approximate solubility in water * .| 32 4 38 


* Expressed as grams of sugar in 100 grams of solution at 20° C. 


The three sugars resemble each other in respect to their 
great resistance to hydrolysis and their comparatively slight 
solubility in water. They differ in rotatory power, crystalline 
structure, and melting point. 
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The mean rotation of the three sugars is + 58.8 which is 
in essential agreement with the rotation (+ 55) of the non- 
reducing portion of hydrolyzed inulin as first isolated by 
Jackson and Goergen. This agreement indicates that the 5 
per cent. nonreducing substances consist solely of these three 
sugars occurring in equal proportions. 

The results of this investigation corroborate the conclu- 
sions drawn in a previous article (R. P. 251) in which it was 
shown by arithmetical reasoning that a 5.2 per cent. non- 
reducing portion of hydrolyzed inulin which consisted of 
three disaccharides occurring in equal proportions predicated 
a molecular weight of inulin of approximately 18,000. 

A complete report of this work will appear in the April 
number of the Bureau of Standards Journal of Research. 


PURITY OF REAGENT CHEMICALS. 


At the recent meeting of the American Chemical Society 
in Indianapolis, Edward Wichers of the Bureau of Standaris 
presented a paper summarizing the results of tests of over 
200 reagent chemicals purchased for use in the bureau's 
laboratories during the last 24% years. About three-fourths 
of chemicals tested, representing a considerable variety of 
materials whose purity is of much importance to the analytical 
chemist, were purchased under the quality specifications pre- 
pared by the Society. Only two-thirds of the group of 
chemicals were found to conform entirely to the specified 
requirements. 

Of the second group of chemicals, which were purchased 
under the general requirement of ‘‘ analytical reagent quality,” 
only 60 per cent. were found to conform fully to the standards 
indicated by the labels on the containers. Considerable 
variations were found in the success of the different producers 
of these materials in meeting the requirements of their own 
standards or of the American Chemical Society specifications. 

The paper included a discussion of a number of reagents 
of especially inferior quality, and pointed out means by which 
improvement can be made in the quality of reagent chemicals 
in geneval. 


May, 1931-1 U. S. Bureau or STANDARDS NOTEs. 661 


THE VIBRATION OF U BARS. 


An item under this title appeared on page 26 of Technical 
News Bulletin No. 167 (March, 1931). A typographical 
error occurs in the third paragraph. Beginning with line 
five the sentence should read: “‘In this connection a new proof 
is given of Rayleigh’s method for determining the fundamental 
mode of vibration.” 


TURBULENCE IN WIND TUNNELS. 


One of the questions of current interest in aerodynamics 
is the desirability of having a large or a small turbulence in 
wind tunnels for the routine testing of airplane models. 
Based on a long series of experiments, the bureau has con- 
cluded that the wind tunnel should be so designed as to have 
small turbulence, because increased turbulence does not re- 
produce accurately the effect of increased scale of the model 
and because it is easier to introduce turbulence, if desired, 
than toremove it. The experiments in question were made in 
the bureau’s 54 inch wind tunnel, in which various methods 
for reducing the turbulence were tried. Changes in the size 
and shape of the honeycomb cells had very little effect. The 
distance between the honeycomb and the measuring station 
was found to be the variable of primary importance, an 
increased distance resulting in a lower turbulence. An 
additional reduction was secured by using a large area- 
reduction in the entrance cone, with the honeycomb at the 
extreme entrance end. It was not found practical to operate 
the tunnel without any honeycomb. 

This work was conducted with the coéperation and finan- 
cial assistance of the National Advisory Committee for 
Aeronautics. The measurement of turbulence was made by 
the use of spheres and by the hot wire anemometer described 
in National Advisory Committee for Aeronautics Technical 
Report No. 342. 


WIND PRESSURE ON A MODEL OF A MILL BUILDING. 


In continuation of a program of investigation of wind 
pressure on structures, measurements have been made in the 
bureau’s 10-foot wind tunnel on the distribution of pressure 
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2 over a model of a mill building, both with and without a 
at monitor ventilator. Speeds up to about 55 miles per hour 
3 } were used, and there was little evidence of scale effect. The 
% effect of the ground on which an actual building stands was 
simulated by a platform on which the model was mounted. 
Measurements were made for three wind directions, one nor- 
mal to a side wall, one normal to an end wall, and one at 45°. 

The maximum average loads were obtained with the wind 
at 45°, but in many cases fairly large areas were subjected to 
loads as great as twice the average load on the whole face. 
The loads on the roof of the monitor were greater than 
those on the roof of the main building, and in both cases the 
load was in such a direction as to lift the roof. The greater 
part of the model was subject to pressures lower than the 
static pressure. 

The detailed results cannot well be abstracted. The 
lowest pressure was below the static pressure by 3.3 times the 
velocity pressure, corresponding to a local loading of 47 
pounds per square foot at a true speed of 75 miles per hour. 
This high loading was confined to an extremely small area on 
the roof of the monitor. Fairly large areas were subject to 
upward loads corresponding to 28 pounds per square foot at a 
true speed of 75 miles per hour. These values are computed 
on the assumption that the pressure within the building equals 
the static pressure, and therefore will be modified by the 
presence of open windows or other openings. The loads may 
be greater or less than those given, depending on the location 
of the openings and the direction of the wind. 

The complete report of this investigation will be published 
in the April number of the Bureau of Standards Journal o! 
Research. 
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PROGRESS IN AERONAUTIC RADIO RESEARCH. 


: The bureau has made performance tests of its recently 
developed simultaneous radio telephone and range-beacon 
; transmitter. This development permits an airplane pilot to 
receive simultaneously voice messages and visual radio beacon 
signals, all on a single receiving set. Tests made at a distance 
with a. commercial aircraft receiving set showed that. ,the 
quality of the received speech signals is substantially better 
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than that obtained in existing airplane radiotelephone recep- 
tion, and that the operation of the beacon course indicator is 
equivalent to that obtained with existing visual type range- 
beacons. Test flights were made to determine the useful 
distance range of the combined transmitter in its present ad- 
justment. At a distance of 100 miles from the transmitting 
station, it was still unnecessary to employ the full sensitivity 
of the receiving set. Increasing the effective height of the 
transmitting antenna system will result in still greater useful 
distance range. These results insure that simultaneous trans- 
mission of the broadcast and range-beacon services and the 
simultaneous reception of these services on the airplane, are 
entirely practicable for use on the airways. 

A brief description of a radio system under development 
by the bureau as an aid to the prevention of collision between 
aircraft in flight under conditions of poor visibility was 
given on page 117 of Technical News Bulletin No. 164 
(December, 1930). This system involves transmission of a 
warning signal on a very high frequency from each airplane 
and reception on the same frequency on each airplane. Upon 
receiving the warning signal from an airplane ahead of him, 
the pilot will maneuver his plane to reduce the intensity of 
received signal, thereby automatically deviating from the 
direction of danger. On account of the very high frequency 
and relatively short distance required, the power needed is 
very low. A transmitting set for this purpose has been con- 
structed employing a single commercial receiving tube and 
operating on a frequency of 165,000 kilocycles. The receiving 
set also uses a single receiving tube of the same type in a very 
stable super-regenerative circuit. To secure visual indication 
of the received signal, a copper-oxide rectifier and microam- 
meter were connected to the output of the receiving set. A 
directional receiving antenna system was used, consisting of 
three doublet antennas approximately 3 feet long and spaced 
18 inches apart, one being connected to the input of the re- 
ceiving set. In preliminary tests a useful distance range of 3 
miles was obtained, which is about the distance over which it 
would be desirable to have the collision-prevention system 
work. The apparatus does not yet have sufficient stability for 
practical application; the experiments, continue. 
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An indicator has been developed at the bureau for the 
visual type radio range-beacon which may have some advan- 
tages over the reed indicator regularly employed. In the new 
instrument a pointer remains at a zero mark when the air- 
plane is on the course and swings to right or left as the air- 
plane deviates from the course. Numerous flight tests have 
been made of this device and its practicability demonstrated. 
One of these instruments has been loaned to an air transport 
operator for service tests in regular operation flights in con- 
nection with a radio range-beacon of the visual type installed 
on the airways. Until such tests are completed, it cannot be 
stated whether this instrument is preferable to the reed indi- 
cator. The device is operated by a reed converter, i.e., a reed 
indicator in which, besides the set of driving coils for operating 
each reed from the received beacon signals, a set of pickup 
coils is provided for each reed. The motions of the two reeds 
induce alternating voltages in the two pickup coils, which are 
proportional to the reed vibration amplitudes and conse- 
quently to the intensities of the two low frequencies constitut- 
ing the received beacon signal. The induced alternating volt- 
ages are rectified by means of copper-oxide rectifiers and the 
rectified voltages applied in opposition to the terminals of the 
zero-center instrument which the pilot sees. One of the prob- 
lems which had to be considered in connection with this in 
strument was the possibility that the beacon signals might 
stop, or the receiving set fail, and the instrument continuing 
to read zero, the pilot would be deceived into thinking his 
course was still being indicated. To preclude this possibility, 
a volume indicator is employed. <A paper describing the new 
instrument is in preparation. When issued, a notice will be 
given in these columns. 


PIPE LINE CURRENTS AND SOIL RESISTIVITY. 


The present tendency in the protection of pipe lines against 
soil corrosion is away from a uniform coating for the entire 
length of the line and toward the application of coatings se 
lected with respect to the corrosive character of the soils 
involved. This calls for a knowledge of varying soil conditions 
and a means of locating local corrosive soil areas. Such areas, 
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commonly termed “‘ hot spots,’’ are prevalent in many types of 
soils and it is in these regions that pipe lines suffer the greatest 
deterioration. The location of such corrosive areas is a 
matter of considerable importance, both with respect to the 
selection of coatings for new pipe lines and the reconditioning 
of old ones. 

An extensive investigation of a dozen pipe lines ranging 
from the gulf coast to southern Kansas revealed an apparent 
correlation between pipe line currents, soil resistivity, and 
corrosion. Galvanic currents of measurable magnitudes were 
found to be flowing on all pipe lines examined. As a rule, 
lines were found to be collecting current in areas of normal 
and high soil resistivity and losing current in areas of low 
resistivity. Many cases of abrupt loss or discharge of current 
occurred in soils of unusually low resistivity. In such areas 
the pipe lines were found to be badly corroded. 

Although no direct relation was found to exist between 
electrical resistivity of soils and their corrosiveness, abrupt 
changes in resistivity and unusually low resistivity were 
found to be significant with respect to corrosion. Soils having 
a resistivity of about 500 ohm cm. or less were invariably 
found to be highly corrosive. <A better relation between re- 
sistivity and corrosiveness exists in alkali than in acid soils. 

To expedite the measurement of soil resistivity, a simple 
piece of apparatus was developed, consisting of two metal 
tipped oak rods with a milliammeter mounted on one and a 
small flashlight battery on the other. By measuring the 
apparent resistance between the metal terminals, the approxi- 
mate resistivity of the soil can be calculated if the constant 
of the apparatus is known. Since polarization is largely a 
cathode effect, it can be partly eliminated by making the 
cathode terminal much larger than the anode, thereby reduc- 
ing the current density on it. A low resistance meter, such as 
a milliammeter, is found to be preferable to a voltmeter as 
with the former practically the full voltage of the test battery 
is applied between the electrodes, irrespective of the meter 
reading, while with the latter a large part of the battery 
voltage is consumed within the meter itself. 

This apparatus permits of making frequent and rapid 
tests of earth resistivity along a pipe line or along a projected 
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pipe line. Although it is not claimed that absolute values of 
resistivity are obtained with this apparatus, the results are 
sufficiently accurate for all practical purposes provided the 
soil is not toodry. It is important that earth be tested at the 
pipe level and where there is sufficient moisture to afford 
nearly maximum conductivity. Damp soil which will pack 
in the hand will usually show conductivity approaching that 
in a saturated condition. 

The technique of surveying pipe lines for galvanic currents 
and other features of the investigation will be discussed in the 
April number of the Bureau of Standards Journal of Research. 


THERMAL EXPANSION OF SOME SODA-LIME GLASSES. 


In Technical News Bulletin No. 163 (November, 1930) a 
statement was published regarding a method for computing 
the thermal expansion of soda-lime glasses from room tem- 
perature to the ‘‘critical temperature.” 

Further study of the data obtained has led to two new 
equations from which the expansion of the glasses considered 
can be computed with considerable accuracy in the tempera- 
ture ranges 25 to 100° C. and 100 to 400° C. 

The expressions are: 


Ease ~100° = 0.004P; + 0.325P2 + 0.125P3 
— 0.00186 (P, + P 


Ej00°— 400° = 0.015P; + 1.655P2 + 0.655P3 
+ 0.0045 (P: + Ps)? — 0.6 


in which E is the increase in length expressed in microns pe! 
centimeter between the temperatures indicated, and /P,, P: 
and P; are the percentages of silica, soda, and lime respec- 
tively. Further studies of the expansion data are being mac 
to see if the ‘‘critical temperatures” and the initial softening 
points can be computed. 


THE FRANKLIN INSTITUTE. 


STATED MONTHLY MEETING, APRIL 15, 1931. 


The monthly meeting of The Franklin Institute was called to order at eight- 
fifteen by Mr. Nathan Hayward, President. 

He at once called upon the Secretary for the business of the evening. The 
latter reported that the minutes of the March meeting had been published in full 
in the Journal of the Institute for April and moved that they be approved as 
printed. The motion was seconded and unanimously adopted. 

The Secretary then stated that since the last report concerning the member- 
ship of the Institute, the following changes had been made: Three new Resident 
Members and four new Non-Resident Members had been elected. Two members 
had died during that period. 

The only other business consisted of various notices of functions to occur in 
the early future in which the members of the Institute might be interested. 

The Secretary mentioned particularly the Medal Day exercises of the Insti- 
tute to be held on the afternoon of May twentieth, and urged the members to 
attend if possible to do sc. 

The President then called upon the speaker of the evening, Dr. W. F. G. 
Swann, at eight-twenty-four, who presented ‘‘The Annual Report of the Work of 
the Bartol Research Foundation.”” Dr. Swann presented in graphic fashion an 
outline of the various important pieces of research which are being carried on in 
the Bartol Laboratories. The report will be published in full in an early number 
of the Journal. 

Dr. Swann’s talk was followed by a considerable amount of animated dis- 
cussion. 

There being no further business, the President declared the meeting ad- 
journed, with an expression of thanks to Dr. Swann, at ten o'clock. 

Howarp McCLENAHAN, 
Secretary. 


COMMITTEE ON SCIENCE AND THE ARTS. 
(Abstract of Proceedings of Stated Meeting held Wednesday, April 8, 1931.) 


HALL OF THE COMMITTEE, 
PHILADELPHIA, APRIL 8, 1931. 


Mr. Lionet F. Levy in the Chair. 


The following reports were presented for final action: 
No. 2938: Walton Clark Medal. 
This report recommended the award of the Walton Clark Medal to Mr. 
Daniel J. Young, of Tacoma, Washington, “In recognition of his outstanding 
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contributions to the manufactured gas industry as embodied ‘in his energy- 
serving ‘Back-Run Process.’"’ 
No. 2939: George R. Henderson Medal. 

This report recommended the award of the George R. Henderson Meda! to 
Doctor Arthur Newell Talbot, of Urbana, Illinois, “‘In consideration of his pract 
cal development of the Railway Transition Spiral and for his creative guidance of 
American Railway Engineering Association's tests on structural and track ma 
terials for railway building and maintenance which resulted in a wide extension of 
the knowledge of such materials and in the promotion of safety in railroading 

Report on Protest: 

Case No. 2883: Monroe Calculating Machine. 
Original award recommended by Sub-Committee was sustained, and recon 


mendation is to be readvertised. 
Gero. A. HOADLEY, 


Secretary to Commiitee. 


MEMBERSHIP NOTES. 
ELECTIONS TO MEMBERSHIP. 
(Stated Meeting, Board of Managers, April 15, 1931.) 


RESIDENT. 
Mr. Epwarps Kngass, Engineer, I. T. E. Circuit Breaker Company, 501 Nort! 
Nineteenth Street, Philadelphia, Pennsylvania. For mailing: 2225 Pine 
Street, Philadelphia, Pennsylvania. 


NON-RESIDENT. 


Mr. Ernest A. FartrMANn, Silviculturist, Soc. Anon Gan. y Com., Chile, Sout! 
America. For mailing: Casilla, C., Magallanes Chile, South America. 

Mr. Patrick F. Fo.ey, Chief Inspector of Elevators, Municipal Building, Roo: 
2000, Borough of Manhattan, New York. For mailing: 917 Seventy-seventh 
street Brooklyn, New York. 

Mr. Witt1am Howarp McCoy, Manager of General Motors Research Experi 
mental Production Machine Shop, Detroit, Michigan. For mailing: 17593 
Stoepel, Detroit, Michigan. 


CHANGES OF ADDRESS. 


BRIGADIER GENERAL W. W. ATTERBURY, Room 1932, Broad Street Statio 
Building, Philadelphia, Pennsylvania. 

Dr. LEsiie R. Bacon, 314 Highland Avenue, Lansdowne, Pennsylvania. 

Mr. NATHANAEL G, HERRESHOFF, 6 Walley Street, Bristol, R. I. 

Mr. Donacp L. KeE__occ, Armstrong Cork Company, Pittsburgh, Pennsylvania 

LIEUTENANT COLONEL CHESTER LICHTENBERG, General Electric Company, 1635 
Broadway, Fort Wayne, Indiana. 

Mr. Wiis A. NAupDAIN, Post Office Box 846, Wilmington, Delaware. 

CoLoNnEL SAMUEL REBER, 570 Lexington Avenue, New York City, New York 


NECROLOGY. 
EEE Re 
Mr. A. Markle, Hazleton, Pennsylvania. 
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LIBRARY NOTES. 
RECENT ADDITIONS. 


American Electrochemical Society. Transactions 1930, Volume 58. 1931. 

American Society of Heating and Ventilating Engineers. Transactions, 1929, 
Volume 35. 1930. 

American Welding Society. Journal. Volumes 1~7. 1922-1928. 

ANDERSON, JOHN S., Editor. Photo-Electric Cells and their Applications. A 
Discussion at a Joint Meeting of the Physical and Optical Societies. June 4 
and 5, 1930. 

BADGER, WALTER L., AND WARREN L. McCase. Elements of Chemical Engi- 
neering. First edition. 1931. 

BAUMER, J., AND OTHERS. Elektrizitét im Bergbau. 1926. 

BARNARD, EDWARD EMERSON. Photographic Atlas of Selected Regions of the 
Milky Way. Edited by Edwin B. Frost and Mary R. Calvert. Two 
volumes. 1927. 

Beilsteins Handbuch der organischen Chemie. Vierte Auflage. Erstes Ergin- 
zungswerk. Sechster Band. 1931. 

Be.yEA, Harotp C, Forest Measurement. 1931. 

BENEDICKS, CARL, AND HELGE L6rquist. Non-Metallic Inclusions in Iron and 
Steel. 1931. 

Brassey’s Naval and Shipping Annual. Forty-second year of publication. 1931. 

BuscHKIEL, C. Elektrizitat in der Landwirtschaft. 1927. 

Davipson, J. BROWNLEE. Agricultural Machinery. 1931. 

DAYE, PYERRE, AND OTHERS. Le Miroir du Congo Belge. Two volumes. 1929. 

Deutsche Lichtbild. Two volumes. 1927, 1931. 

EIDMANN, FRANK L. Economic Control of Engineering and Manufacturing. 
First edition. 1931. 

EWALD, P. P., Tu. PéscHL, AND L. PRANDTL. The Physics of Solids and Fluids 
With Recent Developments. Authorized translation by J. Dougall and W. 
M. Deans. 1930. 

FRIEND, J. NEwTon, Editor. Text-Book of Inorganic Chemistry. Volume 11, 
part 2. 1930. 

FULLER, CHARLES A. Designing Heating and Ventilating Systems. Third 
edition, revised and enlarged. 1931. 

GARRATT, GEORGE A. The Mechanical Properties of Wood. 1931. 

GUNTHER, R. T. Early Science in Oxford. Volume 8: The Cutler Lectures of 
Robert Hooke. 1931. 

Hausner, A. The Manufacture of Preserved Foods and Sweetmeats. Trans- 
lated from the German by Arthur Morris and Herbert Robson. Second 
English edition. 1912. 

Horinc, D,O. Elektrische Bahnen. 1929. 

Huttz, Frep S., AnD JoHN A. Hitt. Range Sheep and Wool in the Seventeen 
Western States. 1931. 

Jerrreys, HAROLD. The Earth. Its Origin, History and Physical Constitution. 
Second edition, 1929. 

Knapp, ARTHUR W. The Cocoa and Chocolate Industry. The Tree; the Bean; 
the Beverage. Second edition. 1930. 
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KrarFt, E. A. The Modern Steam Turbine. 1931. 

Leutz, CHARLEs R., AND Ropert B. GABLE. Short Waves. 1930. 

Lewis, Harry F. Fundamentals of Organic Chemistry. First edition. 19 3 

Lewis, Henry CarvitL. Collected Papers. 1877-1887. 

London, Metropolitan Water Board. Twenty-seventh Annual Report for yea: 
Ended 31st March. 1930. 

MIcHALKE, C. Allgemeine Grundlagen der Electrotechnik. 1925. 

Moore, Herpert F. Text-Book of the Materials of Engineering. Fourth 
edition. 1930. 

Organic Syntheses: An Annual Publication of Satisfactory Methods for th 

Preparation of Organic Chemicals. Volume XJ. 1931. 

: Penrose’s Annual: The Year’s Progress in the Graphic Arts. Volume 33. 1931 

PETERS, JOHN P., AND DonNALD D, VAN SLYKE. Quantitative Clinical Chemistry 

Volume 1—lInterpretations. 1931. 

: aie Phases of Modern Science. Published in Connexion With the Science Exhibit a 

: the British Empire Exhibition. 1925. 

Quick, Joun E. Automotive Electrical Repair Manual (Job Sheets). 1930 

| REHWALD, Fettx. Starch-Making and the Manufacture of Dextrin, Starch- 

| Sugar, Syrup and Sugar Colouring. Translated from the fifth German edi 

a tion by Charles Salter. 1926. 

Lic Rour, Moritz von. Die optischen Instrumente. Vierte vermehrte und ver 

besserte Auflage. 1930. 

RussELL, HENRY Norris, RAYMOND SMITH DUGAN, AND JOHN QUINCY STEWAR! 
Astronomy: A Revision of Young’s Manual of Astronomy. Two volumes 
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1926-1927. 
RUTHERFORD, SIR ERNEsT, JAMES CHADWICK, AND C. D. Ettis. Radiations 
: from Radioactive Substances. 1930. 


SCARBOROUGH, JAMES B. Numerical Mathematical Analysis. 1930. 

ScHaROwskyY, G. Der Leistungsfaktor. 1930. 

SCHREIBER, ALBERT. Das Kraftwerk Fortuna I]. Monographie eines Damp! 
kraftwerks in systematischer Darstellung. 1925. 

Scuupp, Ernst. Elektrisches Schaltzeug. 1927. 

[ SKIRL, WERNER. Elektrische Messungen. 1928. 

. SNODGRASS, KATHERINE. Margarine as a Butter Substitute. 1930. 

: THAYSEN, A. C., AND L. D. GALLoway. The Microbiology of Starch and Sugars 

1930. 

; United States Department of Commerce. Commerce Yearbook 1930, Part 2 

United States National Advisory Committee for Aeronautics. Bibliography « 
Aeronautics for 1929. 1930. 

United States Patent Office. Index of Patents Issued 1930. Index of Trad 

BD Marks Issued 1928, 1929. Three volumes. 

WERTHEIM, E. Essentials of Organic and Biological Chemistry. 1931. 

Wien-Harms Handbuch der Experimentalphysik. Band 4,1 Teil. Hydro- und 
Aerodynamik 1 Teil. 1931. 

WILLIAMS, SAMUEL Rosinson. Magnetic Phenomena: An Elementary Treatis 
First edition. 1931. ‘ 

WituiaMs, W. Ewart. 


Applications of Interferometry. No date. 
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THE NAIRNE WAY-WISER. 


The Institute has recently come into possession of a device for measuring 
distances between given points. The instrument, which is more than a century 
and a half old, was presented by Mr. Harrold E. Gillingham, of Philadelphia, who 
has furnished the following descriptive note: 


A SURVEYOR’S MEASURING WHEEL OR WAY-WISER. 


AN INSTRUMENT FOR MEASURING SHORT DISTANCES ON 
THE ROAD OR OTHER LAND SURFACES. THE ANCESTOR 
OF THE CYCLOMETER AND TAXIMETER. 


BY 
HARROLD E. GILLINGHAM. 


We have grown so accustomed to many inventions of these modern times and 
are inclined to take so much for granted that the average person gives little heed 
to the past, and seldom thinks of the need our forebears must have felt for distance- 
measuring devices. Comparatively, they may have had just as much reason as 
we for wanting to know the correct distances traveled when they went a jour- 
neying. 

One reads that milestones erected along the Roman Via Publica in the time of 
Publius Popillius Laenas (consul in 132 B.C.), bore inscriptions to commemorate 
the builder of the highway, and yet we give little heed to the methods used to 
accurately measure the distances as indicated by milestones along the roads of 
to-day. 

Many are well aware of the surveyor’s chain or tape ' for accurately measuring 
short distances, and it is readily conceivable how burdensome this method would 
become if used to set milestones. It naturally became necessary to provide some 
instrument for greater distances, and the Way- Wiser, or Odometer, was the result 
of such experimentation. 

In 1528 Jean Francois Fernel (1497-1558), a French physician and mathe- 
matical student, measured the distance from Paris to Amiens by the revolutions 
of his carriage wheel. He no doubt adapted the principle of the Greek hodometer 
(or odometer) to the wheels, by an arrangement of cogwheels and endless screws 
on the same axes, for this purpose. John Evelyn, the English diarist (1620-1706) 
and Secretary of the Royal Society, mentions a similar apparatus in his diary notes 
on August 6, 1656, when he records the application of a Way- Wiser to the wheels 
of a coach, which measured the miles. 

The surveyor’s measuring wheel, sometimes called a Perambulator, an 
Odometer or Way-Wiser, was the natural result of the earlier instruments when 
shorter distances, easily covered by a pedestrian, were required. It might well be 
called the great-great-grandfather of the modern cyclometer, taximeter or 
speedometer. The term Odometer is usually applied to a measuring instrument 
affixed to a wheel of a vehicle; while a perambulating instrument was called a 
Way-Wiser. 


‘Dr. R. T. Gunther, in Early Science at Oxford (Vol. 1, p. 372), illustrates a 
surveyor’s chain, (c) 1590, described by Cyprian Lucar in A Treatise named 
Lucarsolace. 
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Just who first invented or produced this form of perambulating measuring 
wheel is uncertain. It is assumable they were made by the various mathematical 
instrument makers of the 17th and 18th centuries. The Way-Wiser herein 
mentioned was produced in the workshop of Edward Nairne of 20 Cornhill, 
London, working in that city as early as 1761, and who made telescopes, sun-dials 
and other mathematical instruments. The steel-tired mahogany wheel is 314 
inches in diameter, and from the axle to the end of the mahogany handle frame 
it measures 38 inches. The brass dial on centre of frame is 7} inches across. On 
the dial plate are five circular graduated scales of measurement: the outer one for 
feet, chains and links; the next is for yards, the third for poles; the fourth and 
wider circle, with Roman letters, indicates the miles; while the fifth or inner ring 
denotes the furlongs. Within the above—so that “‘he who runs may read’'’—is 
engraved in script— 


NAIRNE, LONDON. 
The outer circle contains Chains & Links. 


8 Furlongs = 1 Mile. 
40 Poles = 220 Yards, or 10 Chains, 1 Furlong. 
4 Poles = 1 Chain. 
IN g2 
164 Feet, or 54 Yards, 1 Pole: 7. 100. 1 Link. 


The English antique dealer from whom this instrument was secured bought 
it at a public sale held at Flaxley Abbey, near Newnham, Gloucestershire. The 
history of Flaxley Abbey goes back to the 12th century, and it was the reputed 
home of Sir Roger de Coverly’s Widow Boevey. 

This identical piece may have been used by the Way-Wardens, or supervisors 
of the roads of that section of England, a century and a half ago. 

There are many persons living today in England who recall the use of such 
instruments to settle disputes as to the size of a field or the distance driven by a 
London cabman. Imagine the consternation of the passers-by to see an officer 
pushing such a thing along the highway, if one protested an overcharge by the 
taxi driver! 

The Franklin Institute has on display a perambulating Way-Wiser or Odom- 
eter, made by Heller and Brightly, makers of mathematical instruments in 
Philadelphia from 1870 to 1884. Two other such instruments, of earlier make 
than the above, are exhibited in the Old Ashmolean Museum of Oxford, England. 
One of these is by Cary of London (1799-1830), and loaned by Capt. Spencer 
Churchill; the other, having six dials for various distances, is the work of Johan 
Anton Wisenpainter of Eichstadt. A Wilkins Odometer, (c) 1678, is also shown. 
Other European museums have on display Hodometers, or wagon wheel distance 
measuring instruments, the earliest of which can be seen in the Mathematisch- 
Phystkalischer Salon of the Dresden Museum. One by Thomas Riickert of 
Augsburg, 1575; another by Feyhel, dated 1580, and the third by Christoff 
Tressler (or Treschier), made in 1584. 
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BOOK REVIEWS. 


THE Stars IN THEIR Courses, By Sir James Jeans, M.A., D.Sc., Se.D., LL.D. 
F.R.S. x-173 pages, xlvi plates and 2 star maps, 12mo. New York, The 
Macmillan Co., 1930. Price $2.50. 


To members of The Franklin Institute, a book by Sir James Jeans is particu. 
larly timely. Shortly after this issue appears, Sir James will speak at the Institute 
when he, together with Dr. Willis R. Whitney, is awarded the Franklin Meda! 
Doubtless his address will deal with some of the subjects covered in this, and other 
of his recent books, such as ‘‘The Universe Around Us,”’ ‘‘The Mysterious Uni- 
verse,”’ and the more technical ‘‘ Astronomy and Cosmogony.”’ 

Of the four books, “‘The Stars in Their Courses"’ is decidedly the most ele- 
mentary. The first two were really masterpieces of popular writing, and as simple 
as possible with such subjects. Though written with all the delightful style fo: 
which the author is distinguished, it is true that in parts they were rather difficul: 
for the lay reader. Every part of the present book, on the other hand, can be 
comprehended by an intelligent person with no scientific training at all. Yet 
there is no feeling that he is ‘writing down” to the layman, a blemish that so 
often mars a popular scientific book. Even to the astronomer, or to the scientist 
familiar with the subject, this work should be of intense interest. Perhaps such a 
person might learn nothing new from its pages, though that seems most unlikely 
but even so the author’s mode of expression should afford some good ideas. 

For instance, when he says, ‘Leave only three wasps alive in the whole of 
Europe and the air of Europe will still be more crowded with wasps than space is 
with stars,” he gives us a far more vivid picture of the emptiness of space than he 
would with any numerical statements of distances between stars. Or when he 
points out that the stars show “as great a range of candle-power as there is be 
tween a glow-worm and a searchlight,”’ the reader gets a good idea of the variation 
in stellar brightnesses. 

The book had its origin in a series of radio talks given through the British 
Broadcasting Company, the government sponsored. corporation that has a mon- 
opoly on broadcasting in Great Britain. Whatever may be the evils of govern 
ment operation, one who has had experience with the radio here, and the “ wire- 
less’’ in Britain, sometimes feels envious, and wishes that American broadcasters 
were under some similar control. Certainly nothing like these talks on astronomy 
has ever been within reach of American listeners, and this is not because we have 
no competent speakers. 

In preparing the talks for publication, Sir James has expanded them to about 
twice their original length, but he has preserved the easy and familiar style which 
the microphone, like the popular scientific work, demands. In less than 200 
pages he touches on practically every phase of modern astronomy. The numer 
ous half-tone illustrations are excellently reproduced from some of the fines! 
astronomical photographs, several of which have never before been published. 

Starting out with the starry skies themselves, he discusses the motions of the 
stars and planets. Then he takes his readers on an imaginary journey around the 
Solar System, past the Moon and into the Sun itself. This permits him to treat o! 
modern theories of stellar structure, and also of atomic structure. Then follows 
a journey in time, back to the birth of the Solar System, probably the result o! 
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the close approach of another star tothe Sun. He next describes the outer planets, 
including Pluto, and passes out to the stars and thence into the depths of space. 
He concludes with a chapter on ‘‘The Great Universe,’’ which is apparently ex- 
panding like a soap bubble while being blown. This is the view of the Belgian 
priest, Father Lemaitre, to which Sir James seems to subscribe. 

If these ideas are true, the outlook for our universe is hardly an optimistic 
one, even though vast ages will elapse before the end. But with true scientific 
candor, Sir James recognizes the limitations of our knowledge. ‘‘In some way,” 
he says, “‘the material universe appears to be passing away like a tale that is told, 
dissolving into nothingness like a vision. The human race, whose intelligence 
dates back only a single tick of the astronomical clock, could hardly hope to under- 
stand so soon what it all means. Some day perhaps we shall know: at present we 
can only wonder.”’ 

Though the book is so fully up to date, it is indicative of the rapid progress of 
astronomy to note that one statement is already superseded. On page 94 he 
states that ‘very careful investigations’’ indicate the absence of absorbing matter 
in space, except for the dark nebulz. Since these words were written, as recently 
as last summer, Dr. R. J. Trumpler, of the Lick Observatory, and later Dr. Piet 
Van de Kamp, of the McCormick Observatory, have shown, apparently very 
conclusively, that all through the galaxy there is a stratum of absorbing material. 
A slight error occurs on page 21, where the date of the first edition of Copernicus’ 
“De Revolutionibus”’ is given as 1555 instead of 1543. Galileo is mentioned as 
the first and only discoverer of the satellites of Jupiter. This is a common error, 
though it now seems certain, as J. H. Johnson has shown recently in the Journal 
of the British Astronomical Association, that the Bavarian, Simon Marius, dis- 
covered them independently in the late fall of 1609, some weeks before Galileo. 
Also, teachers who try to make their students use weight and mass correctly will 
regret that Sir James constantly uses the former instead of the latter, even referring 
to the weight of the Earth. 

But these are minor points. In the reviewer’s opinion, this is the best popu- 
lar introduction to astronomy now available. While there have been excellent 
texts, just as elementary, there was a real demand for a truly popular work. Now 
Sir James has produced it, and it is to be hoped that his book will enjoy a wide 
distribution. With astrology and similar pseudo-sciences now so widely dissem- 
inated, by newspaper and radio, there is a more urgent need than ever before 


for sound popular works such as this. 
James STOKLEY. 


PROBABILITES ET STATISTIQUES. Par R. de Montessus de Ballore, Docteur es 
Sciences, Laureat de I’Institut; Preface de M. Alliaume, Professeur a 1’Uni- 
versite de Louvain. IX-211 pages, 8vo., paper, Paris, Librairie Scientifique 
Hermann et Cie., 1931. Price 60 francs. 


Long in current use in such activities as the adjustment of statistics, actuarial 
processes, and, in science, in the adjustment of precise observations, the methods 
of probability are continually expanding over an ever-extending field. They have 
indeed become a well-nigh universal component in the mathematical expression of 
modern physical science. The author’s development of the subject with much 
amplification and the derivation of directly applicable methods of statistical 
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inference follows the modern transcription of that employed by James Bernou|! 
in his classic Ars Conjectandi. The work is a collection in didactic form of the 
author’s researches which appeared in “Annales de la Societe Scientifique < 
Bruxelles” during the past seven years. 

The basic theme of the study is the function of simple probability, as he terms 
it, otherwise known as the “binomial function”: 


® ml! 
Y= (mp — x) (mq + x)! 


Parsee, 


so called from the similarity of the factorial coefficient to that of a term in a bi- 
nomial expansion. Here m is the number of trials, p the probability of occurrence 
in one trial, g the probability of failure and x the error. By means of the Stirling 
formula for the approximate equivalent of a factorial expression, is demonstrate: 
how the binomial formula may assume the exponential form, familiar in the ad- 
justment of observations. The analysis is searching and diversified and copiously 
illustrated by numerical examples of the application of the binomial formula to the 
most useful types of statistical data. 

In the day of Bernoulli the acute interest of the present day in probability 
did not exist, nor were facilities for mathematical reduction like, for instance 
Stirling’s theorem available, but the present author enjoying these modern ad 
vantages provides convincing evidence of having employed them in making a rea 


advance in sound methods of statistical inference. 
L. E. P. 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 


Report No. 366. Dynamic and Flight Tests on Rubber-Cord and Ole: 
Rubber-Disk Landing Gears for an F6C-4 Airplane—by William ( 
Peck, 19 pages, illustrations, quarto, Washington, Government Printing 
Office, 1930, price ten cents. 

This investigation was conducted at the request of the Bureau of Aeronautics 
Navy Department, for the purpose of comparing an oleo-rubber-disk and a 
rubber-cord landing gear, built for use on an F6C-4 airplane. The investigatior 
consisted of drop tests under various loading conditions and flight tests on a: 
F6C-4 airplane. In the drop tests the total work done on each gear and the work 
done on each of the shock-absorbing units were determined. For both drop tests 
and flight tests the maximum loads and accelerations were determined. 

The comparative results showed that the oleo gear was slightly superior 
reducing the ordinary landing shocks, that it had a greater capacity for work, an 
that it was very superior in the reduction of the rebound. The results furthe: 
showed that for drops comparable to very severe landings, the rubber-cord gea: 
was potentially more effective as a shock-reducing mechanism. However, due 
to the construction of this chassis, which limited the maximum elongation of t}i 
cords, this gear was incapable of withstanding as severe tests as the oleo geai 
The action of the oleo gear during the tests was greatly inferior to the action of a! 
ideal gear. The maximum accelerations encountered during the flight tests for 
severe landings were 3.64g for the rubber-cord gear and 2.27g for the oleo gear. 
These were less than those experienced in free drops of 7 inches on either gear. 
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Report No. 367. Pressure Distribution over a Thick, Tapered and Twisted 
Monoplane Wing Model—N. A.C. A. 81-J—by Carl J. Wenzinger, 16 
pages, illustrations, quarto, Washington, Government Printing Office, 
1930, price ten cents. 


This report presents the results of pressure distribution tests on a thick, 
tapered and twisted monoplane wing model. The investigation was conducted 
for the purpose of obtaining data on the aerodynamic characteristics of the new 
wing and to provide additional information suitable for use in the design of tapered 
cantilever wings. The tests included angles of attack up to 90 degrees and were 
made in the Atmospheric Wind Tunnel of the Committee. 

The span loading over the wing was approximately of elliptical shape, which 
gave rise to relatively small bending moments about the root. The angle of zero 
lift for all sections along the span varied only within + 0.4 degree of the angle of 
zero lift for the whole wing, resulting in small leading edge loads for the high- 
speed condition of flight. The results also add to the available information for 
the study of stability at large angles of attack. 


Report No. 369. Maneuverability Investigation of the F6C-3 Airplane with 
‘Special Flight Instruments—by C. H. Dearborn and H. W. Kirsch- 
baum, 21 pages, illustrations, quarto, Washington, Government Printing 
Office, 1930, price fifteen cents. 


This investigation was made for the purpose of obtaining information on the 
maneuverability of the F6C-3 fighter airplane. The tests were conducted by the 
Committee at Langley Field, Va., at the request of the Bureau of Aeronautics, 
Navy Department. It is the first in a series of similar investigations to be con- 
ducted on a number of military airplanes for the purpose of comparing the abilities 
of these airplanes to maneuver, and also to establish a fund of quantitative data 
which may be used in formulating standards of comparison for rating the maneu- 
verability of any airplane. A large part of this initial investigation was necessarily 
devoted to the development and trial of methods suitable for use in subsequent 
investigations of this nature. 

Air speed, angular velocity, linear acceleration, and position of the control 
surfaces were measured by instruments in the airplane during loops, push-downs, 
pull-outs from dives, pull-ups from level flight, barrel rolls, and spins. The 
co‘rdinates of the flight paths were deduced from the data whenever possible, and 
were checked in some cases by the use of a camera obscura. The results are given 
in curves showing the variation of the measured quantities with respect to time, 
and maximum values are tabulated. 


Report No. 370. Effect of Variation of Chord and Span of Ailerons on Hinge 
Moments at Several Angles of Pitch—by B. H. Monish, 15 pages, illus- 
trations, quarto, Washington, Government Printing Office, 1930, price 
ten cents. 

This report presents the results of an investigation of the hinge moments of 

ailerons of various chords and spans on two airfoils having the Clark Y and U.S. A. 
27 wing sections, supplementing the investigations described in References 1 and 


2, of the rolling and yawing moments due to similar ailerons on these two airfoil 
sections. 
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The measurements were made at various angles of pitch, but at zero angle «( 
roll and yaw, the wing chord being set at an angle of + 4° to the fuselage axis. |, 
the case of the Clark Y airfoil the measurements have been extended to a pitch 
angle of 40°, using ailerons of span equal to 67 per cent. of the wing semispan and 
chord equal to 20 and 30 per cent. of the wing chord. 

The work was done in the 10-foot tunnel of the Bureau of Standards on models 
of 60-inch span and 10-inch chord, having square tips, no taper in plan form or 
thickness, zero dihedral, and zero sweepback. 


Report No. 372. The Gaseous Explosive Reaction—The Effect of Pressur: 
on the Rate of Propagation of the Reaction Zone and Upon the Rate o 
Molecular Transformation—by F. W. Stevens, 19 pages, illustrations 
quarto, Washington, Government Printing Office, 1930, price fiftee: 
cents. 

A study of the gaseous explosive reaction, the source of power in gas engines 
has been in progress at the Bureau of Standards for a number of years as one of 
the projects undertaken at the request and with the support of the Committee 
In a report on this work recently released, the effect of pressure on the rate ol 
propagation of the explosive reaction zone and on the rate of energy liberatior 
during the progress of the reaction is considered from a physico-chemical stand 
point. The extensive experimental data on which the report is based, are draw: 
from the explosive reaction of a large number of fuels, covering reaction orders 
from three to fifteen. During their reaction these fuels were subjected to wic 
ranges of pressure and of other physical conditions usually imposed on the rea 
tion by its industrial applications. 

As a result of these studies, there have been brought out a number of important 
fundamental characteristics of the explosive reaction indicating that the basa! 
processes of the transformation are much simpler and correspond more closely | 
the general laws and principles of ordinary transformations than is usually su; 
posed. 

Perhaps the most striking indication of the simplicity and uniformity of t! 
reaction processes occurring in the explosive transformation is shown in thos 
cases where it is so conditioned that it may run its course at a constant pressur 
Under this condition the zone of explosive reaction, initiated at the point of ig: 
tion, assumes the form of a sphere, expanding, somewhat as a sound wave, withi' 
the explosive gases at a uniform rate. This constant linear rate at which the zon: 
is observed to expand in space is not, however, the rate at which it propagates 
itself within the gases, thus effecting their transformation. This is because th 
gases themselves are also in movement outward from the point of ignition. Th 
observed rate of displacement in space of the reaction zone has usually bee: 
mistaken for its rate of propagation relative to the gases. The report makes tl 
necessary distinction and shows that the rate of propagation of the zone relativ« 
to the gases is independent of the mass movement of the gases. It is further 
shown that its rate of propagation relative to the gases is independent of the pres 
sure to which they were subjected and that, as a consequence, the rate of molecular 
transformation within the zone of explosive reaction is proportional to pressur' 
The report also calls attention to the point that if these simple results are inte! 
preted in the light of a statistical theory of impacts it would mean, since the rate 
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of molecular transformation within the zone was found in all cases to be propor- 
tional to pressure, that the transformation within the zone is the result of binary 
impacts. This result is of unusual interest in the case of the reaction of heavy 
hydrocarbon fuels and the reaction mechanism proposed by the recent kinetic 
theory of Chain Reactions. 


Report No. 373. Coefficients of Discharge of Fuel Injection Nozzles for 
Compression-Ignition Engines—by A. G. Gelalles, 19 pages, illustrations, 
quarto, Washington, Government Printing Office, 1931, price ten cents. 

This report presents the results of an investigation to determine the coeffi- 
cients of discharge of nozzles with small, round orifices of the sizes used with high 
speed compression-ignition engines. The injection pressures and chamber back 
pressures employed were comparable to those existing in compression-ignition 
engines during injection. The construction of the nozzles was varied to deter- 
mine the effect of the nozzle design on the coefficient. Tests were also made with 
the nozzles assembled in an automatic injection valve, both with a plain and with a 
helically grooved stem. 

It was found that a smooth passage before the orifice is requisite for high flow 
efficiency. A beveled leading edge before the orifice gave a higher coefficient of 
discharge than a rounded edge. Varying the length-diameter ratio from 1 to 3 
for one of the orifices having a beveled leading edge was found to have no effect 
on the value of the coefficient. The results with the nozzles assembled in an 
automatic injection valve having a plain stem duplicated those with the nozzles 
assembled at the end of a straight tube of constant diameter. Lower coefficients 
were obtained with the nozzles assembled in an injection valve having a helically 
grooved stem. 

When the coefficients of nozzles of any one geometrical shape were plotted 
against values of corresponding Reynolds Numbers for the orifice diameters and 
rates of flow tested, it was found that experimental points were distributed along a 
single curve. 


Report No. 376. Some Approximate Equations for the Standard Atmosphere 
—by Walter S. Diehl, 12 pages, illustrations, quarto, Washington, 
Government Printing Office, 1931, price ten cents. 

This report, which was prepared for publication by the Committee, contains 
the derivation of a series of simple approximate equations for density ratios 
p/po, polp, Npo/p and for the pressure ratio p/po, in the standard atmosphere. The 
accuracy of the various equations is discussed and the limits of applications are 
given. Several of these equations are in excellent agreement with the standard 
values. 


R. 


An INTRODUCTION TO STRUCTURAL THEORY AND DesiGN THEORY. By Hale 
Sutherland, A.B., S.B., M. Am. Soc. C. E., Professor of Civil Engineering, 
Lehigh University, and Harry Lake Bowman, S.M., M. Am. Soc. C. E., 
Professor of Civil Engineering, Drexel Institute. ix—318 pages, 8vo, cloth. 
New York, John Wiley & Sons, Inc., 1930. Price $3.50. 

A steady increase of good text-books on structural mechanics has followed the 
enormous expansion of industrial activity of the last few decades. Principles 
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necessarily remain unchanged and duplication is inevitable, but each successiy¢ 
book affords an opportunity to introduce better methods of procedure, greater 
pedagogical clarity, and occasionally a more extensive consideration of theorems 
which in the past have not received as much attention as the searching analysis 
essential in the design of the very large structures of the present day demands 
The authors have not been remiss in contributing their quota to that sort o 
betterment in text-book making, and so sharing in providing better facilities in the 
tS now major industry of ‘teaching the young idea.” 

In general, the work deals with the conventional subject of roofs and bridges 
tall building frames and space framework, that is, structures whose members 
cannot be treated as lying in one plane. The graphic method is considerab|, 

at stressed throughout the work, and a generous chapter on graphic statics ace 
ti} >> quately prepares the student for its application to the analysis of trusses. Thy 

: influence line, now much in favor for studying the effects of concentrated loads 
‘@ receives an extensive application that will not fail to make its meaning and value 
clear to the student. For erection purposes and the determination of the stresses 
in statically indeterminate structures, the calculation of slope and deflection ar 
‘ essential. An ample and, for a text-book, a distinctive chapter is devoted to this 
important topic. Therein are described at length the method of work, the method 
of elastic weights and moment-area theorems, the bar-chain method, and the 
i Williot diagram for frame deformation. The differential expressions M/E! dx 
ei Se and M/EI xdx of the method of work, and the moment-area theorems will bx 

* recognized as a rarely useful device now widely employed in practice and adopted 
by recent writers on the mechanics of materials. It may be noted that these 
differential expressions also represent elements of the moment and moment area 
or statical moment respectively. It is not easy to agree with the authors’ state 
ment that the moment-area method is cumbersome when applied to other tha: 
simple beams: our own experience has been indeed quite the opposite. 

Rigid frames and continuity are analyzed in accordance with the methods 
o: previously discussed. Here the authors introduce a recent (1929) mode « 

analysis of rigid frames, developed by Professor Hardy Cross of the University o! 
Illinois, known as the method of moment distribution, which is designed + 
simplify the determination of rigid frame structures, particularly those of rei: 
forced concrete. Wind stresses in tall buildings have a well-illustrated chapter of 
current methods of dealing with that element in building construction, and a not: 
on earthquake stresses. On indeterminate trusses, the methods of least work, 
deflections, and of influence lines are developed. Secondary stresses and space 
frame-work have each an ample chapter. A copious appendix contains spe: 
fications of loads on structures with numerous tables, charts and diagrams. 

The book is obviously planned with care. Illustrative examples, full) 
worked out invariably accompany the text with an adequate number of problems 
for the student to solve himself. Asa school book, it is comprehensive in character 
and a bit formidable here and there: but the authors are generous with explanator) 
matter, and the serious student will encounter few risks of becoming hopeless!) 
entangled in a morass of difficult deduction. As a reference work it should prov: 
a welcome addition to the library of the practicing engineer. 
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PUBLICATIONS RECEIVED. 


Cours de Physique, par M. A. Lafay, Tome II, Thermodynamique—Optique. 
Cours de l’Ecole Polytechnique. 736 pages, illustrations, quarto, Paris, Gauthier- 
Villars et Cie, 1931. Price 150 francs. 

The Stars in Their Courses, by Sir James Jeans, 173 pages, plates, 8vo. New 
York, The Macmillan Company, 1931. Price $2.50. 

Man and the Stars, by Harlan True Stetson, 221 pages, plates, illustrations, 
8vo. New York, McGraw-Hill Book Company, Inc., 1930. Price $2.50. 

The New ‘‘ Munro and Jamieson" Pocket-book of Electrical Rules and Tables 
for the Use of Electricians and Engineers, revised throughout under the Editorial 
Oversight of W. R. Cooper and Rollo Appleyard, twenty-third edition, 765 pages, 
tables, illustrations, 16mo. Philadelphia, J. B. Lippincott Company, 1931. 
Price $4.00. 

National Research Council, Bulletin No. 78, Physics of the Earth, Part II, The 
Figure of the Earth, 286 pages, illustrations, 8vo. Washington, Council, 1931. 

Radioelements and Isotopes: Chemical Forces and Optical Properties of Sub- 
stances, by Kasimir Fajans, 123 pages, illustrations, 8vo. New York, McGraw- 
Hill Book Company, Inc., 1931. Price $2.50. 

Structure Symbols of Organic Compounds, an adjunct to text books of organic 
chemistry for students and teachers, by Ingo W. D. Hackh, 139 pages, illustrations, 
8vo. Philadelphia, P. Blakiston’s Son & Co., Inc., 1931. Price $2.50. 

The Vitamins, by H. C. Sherman and S. L. Smith, American Chemical Society 
Monograph Series, second edition, 575 pages, plates, tables, 8vo. New York, 
The Chemical Catalog Company, Inc. Price $6.00. 

Flow and Measurement of Air and Gases, by Alec B. Eason, 254 pages, tables, 
illustrations, 8vo. London, Charles Griffin and Co., Ltd.; Philadelphia, J. B. 
Lippincott Company, 1930. 

Standard Four-Figure Mathematical Tables, by L. M. Milne-Thomson and 
L. J. Comrie, 245 pages, quarto. London, Macmillan and Company, Ltd., 1931. 
Price 10s. 6d. 

Quanta et Chimie, par Arthur Haas, traduit de l’Allemand par Jeanne Perrenot 
and F. Esclangon, 68 pages, tables, 12mo. Paris, Gauthier-Villars et Cie, 1931. 
Price 15 francs. 

Conferences d'Actualites Scientifiques et Industrielles, XII, Couleurs (Etude 
Physique) et Colorimetrie, par F. Fleury, 35 pages, illustrations, 8vo. Paris, 
Librairie Scientifique Hermann et Cie, 1930. Price 5 francs. 

The World Calendar, by Elisabeth Achelis, 24 pages, 12mo. New York, The 
World Calendar Association, Inc., 1931. 

U.S. Coast and Geodetic Survey, First-Order Leveling in New Jersey, by Howard 
S. Rappleye, Special Publication no. 172, 35 pages, maps, illustrations, 8vo. 
Washington, Government Printing Office, 1931. Price 10 cents. 

Some Facts about Traffic Congestion, What Causes it—How to Relieve it Econom- 
ically, 16 pages, illustrations, 8vo. New York, American Electric Railway 
Association. 

U. S. Coast and Geodetic Survey, World Longitude Determinations, by Clarence 
H. Swick, Special Publication no. 171, 29 pages, illustrations, tables, 8vo. Wash- 
ington, Government Printing Office, 1931. Price 15 cents. 
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U. S. Bureau of Standards, Apparatus for the Determination Aboard Ship of ih. 
Salinity of Sea Water by the Electrical Conductivity Method, by Frank Wenner. 
Edward H. Smith and Floyd M. Soule, Research Paper no. 223, 21 pages, plates 
8vo. Washington, Government Printing Office. Price ten cents. 

Some Aspects of Oceanography, by Dr. Harald U. Sverdrup, 15 pages, maps 
illustrations, 8vo. Reprinted from The Scientific Monthly, July 1930. 

National Advisory Committee for Aeronautics. Technical Notes, No. 368, The 
Variation in Pressure in the Cabin of an Airplane in Flight, by Melvin N. Cough, 
Langley Memorial Aeronautical Laboratory, 6 pages, illustrations, quarto 
Washington, Committee, 1931. No. 3609, Effect of Orifice Length-Diameter Ratio o 
the Coefficient of Discharge of Fuel-Injection Nozzles, by A. G. Gelalles and E. 1 
Marsh, Langley Memorial Aeronautical Laboratory, 13 pages, illustrations, quarto, 
Washington, Committee, 1931. 


CURRENT TOPICS. 


The Metal Crystal. Srr HAROLD SARPENTER. (Nature, July 
5, 1930.) It would be difficult, if not impossible, to discover else- 
where in the compass of a dozen pages a statement of present knowl- 
edge on the subject of metal crystals as authoritative and informing 
as this report of a discourse at the Royal Institution delivered 
May 30, 1930. 

‘When prepared by one of the usual methods, metals and alloys 
consist of an aggregate of small allotriomorphic crystals. Pure 
metals usually consist of a large number of similar crystals. Alloys 
are sometimes composed of one type of crystal, though usually they 
contain two or more different kinds. In both cases metals as 
ordinarily prepared contain anything from about one hundred 
thousand to several millions of crystals per cubic inch. In all 
metals, however, the individual crystal is the unit of which the 
aggregate is built. It is therefore the simplest form of metal.” 
If the properties of such an individual crystal were different in 
different directions this could not be discovered by a study of an 
aggregate of crystals, because the constituent crystals have all 
possible orientations. Furthermore the properties of the crystal 
boundaries have great influence in determining the properties of the 
aggregate. ‘“‘It has long been known that the boundaries in a 
crystal aggregate are stronger than the interiors of the crystals. 
For example, a metal fractures under tensile test through and not 
around the crystals. One of the commonest methods of increasing 
the strength of a metal or alloy is to diminish its crystal size and 
increase its boundary area by suitable thermal and mechanical 
treatment.’’ A study of the properties of a single crystal thus gives 
information of a fundamental nature, free of the complications due 
to the boundaries and various orientations of other crystals. About 
a dozen years ago investigators began to prepare single crystals 
of metals forexamination. Success has been attained in three ways: 
(1) By production of the crystal from the vapor phase. 

(2) By its production from the liquid phase. 

(3) By the conversion of the solid metal in the ordinary poly- 
crystalline aggregate into a single crystal. 

Today there are nine methods of producing single metal crystals— 

yo from the vapor, three from the liquid, and four from the solid 

phase. 
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Both methods for obtaining single crystals from vapors grew 
out of the technique devised in the manufacture of incandescent 
lamps for the deposition of tungsten on glowing filaments. The 
following is the process used by de Boer and Fast for growing 
zirconium single crystals. A glowing filament of tungsten was sur- 
rounded by zirconium iodide in the state of vapor. The vapor is 
decomposed by the heat and zirconium is deposited on the filament 
The careful maintenance of the temperature of the filament ai 
about 1800° C. is requisite for the success of the method. Too 
low a temperature results in polycrystalline zirconium, while too 
high a temperature produces a eutectic of tungsten and zirconium 
In a successful operation the zirconium rod deposited around the 
tungsten filament is built up of single zirconium crystals occupying 
the entire cross-section of the rod and varying in length from .5 cm 
to 1.5 cm. The zirconium prepared as above described, whether 
mono- or polycrystalline, is ductile, whereas as prepared previously 
it was brittle by reason of the presence of traces of impurities. By 
the same method single crystals of titanium, hafnium and thorium 
have been obtained. Koref by a different process has formed single 
crystals of molybdenum, tantalum, iron, zirconium and titanium. 
Deposition from the vapor phase is especially applicable to the 
production of single crystals of metals with high melting points, 
provided the iodides of the metals satisfy a certain condition. 

One way of getting single crystals from liquids is this. Molten 
metal in a container made of refractory material is lowered vertical!) 
through an electric furnace that keeps the liquid just above its 
melting point. The lower end, tapered to a point, is the first to 
leave the furnace and it is there that solidification starts. As the 
lowering of ‘the metal continues solidification extends progressivel) 
to layers of liquid above the point. With a suitable velocity single 
crystals are commonly formed By this means Bridgman prepared 
single crystals of tin, zinc, cadmium, antimony, bismuth and 
tellurium. For bars 2.2 cm. in diameter the speed of lowering was 
about 4 mm. per hour. For thinner crystals a higher speed was 
suitable. Another method depends on drawing the molten meta! 
up above the liquid surface by an auxiliary wire. These two 
methods have been mainly used with metals of low melting points 

Conversion of a solid crystal aggregate into one or more single 
crystals depends upon straining the aggregate and afterwards heat- 
ing it. In the case of aluminium the metal was first softened b) 
heating for six hours at 550° C. A tensile stress of 2.4 tons pe! 
sq. in. was next applied. While still under strain the metal was 
heated to 450° C. and the temperature was raised about 25° a da) 
until it reached 550°. Then for one hour it was kept at 600°. 8) 
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this process single crystal bars of aluminium have been produced 
about 8 in. long and .564 in. in diameter. For obtaining a single 
crystal the strain must be exactly right. “In this way, upwards of 
seven million of the original crystals can be caused to coalesce into 
a single crystal.’’ This method is more general than those in 
which single crystals are obtained from vapors or liquids, because, 
by the adjustment of temperature and strain, crystals of specified 
size may be produced. Furthermore, it can be used with metals 
without regard to the location of their melting points. 

“The ease with which single crystal bars of aluminium, copper, 
silver and gold, and even iron, can be deformed is astonishing. 
Each of these metals can be bent very readily, but once it has been 
bent to any marked extent, a higher stress is required to make it 
revert to its original shape.’’ It has been found that aluminium 
under tension has no limit of elasticity when the observation is 
made on a single crystal, but that it is deformed plastically no 
matter how small the applied stress. Hence it appears that the 
possession of an elastic limit by ordinary aluminium is dependent 
upon the presence of a multitude of crystals. 

G. F. S. 


Coagulation Conditions and Bacterial Efficiency of Preliminary 
Water Treatment. The United States Public Health Service has 
recently announced the results of certain experimental studies relat- 
ing to coagulation conditions and bacterial efficiency of preliminary 
water treatment. The studies recorded in this report are concerned 
with the effects of (a) the period of sedimentation, (>) the method 
of applying coagulant to the raw water, (c) the hydrogen ion concen- 
tration of the coagulation reaction, and (d) the density of coagulant 
added to the raw water, on the bacterial efficiency of coagulation- 
sedimentation as a preparatory treatment of water for rapid sand 
filtration and, incidentally, on the efficiency of the entire process of 
rapid sand filtration. 

The experiments were carried out during portions of the three 
years, 1926, 1927, and 1928, at a fully equipped experimental rapid 
sand water filtration plant of 160,000 gallons daily capacity, designed 
to typify, as nearly as possible, current large-scale practice in this 
process of water purification, but with certain additional features in- 
corporated in the plant for experimental purposes. 

The results of the study yielded the following main conclusions: 

(1) Substantial gains in the bacterial efficiency of coagulation- 
sedimentation resulted from prolongation of the nominal sedimenta- 
tion period up to 8 or 9 hours, and measurable gains with periods 
up to 12 hours. 
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(2) Variations in the hydrogen ion concentration in the coagula- 
tion reaction from 5.6 to 6.9 produced little effect on the efficiency of 
coagulation-sedimentation. The efficiency became sharply dim- 
inished, however, with hydrogen ion concentration values exceeding 
7.0 and slightly improved with hydrogen ion concentration values 
approaching 5.5. 

(3) The bacterial efficiency of double-stage coagulation, with two 
separate stages of sedimentation, was consistently greater than that 
of single-stage coagulation with one stage of sedimentation. The 
observations indicated, however, that with the same total amount of 
coagulant and the same total period of sedimentation, little if an) 
difference was observable between the results shown by double-stage 
and single-stage coagulation when carried out in conjunction with 
two separate states of sedimentation. 

(4) A fairly consistent relation was shown between the amounts 
of coagulant added to the raw water and the resulting bacteria! 
efficiency, both of coagulation-sedimentation and of this state in 
conjunction with filtration. This relationship was found to hold 
irrespective of raw-water turbidity or bacterial content, though it 
was more apparent when the turbidity and bacterial numbers were 
higher. Measurable gains in efficiency were shown with increases in 
coagulant density ranging up to 5 grains per gallon. 

The general conclusion reached from the foregoing series of ex- 
periments was that the bacterial efficiency of rapid sand filtration 
processes can be increased very materially by means of longe: 
periods of sedimentation and larger amounts of coagulant than 
ordinarily are used in current water purification practice. The 
economical limit of sedimentation appears to be reached somewhere 
between 8 and 12 hours, with little gain in efficiency beyond the 
upper limit of time stated. 

R. 


The Loss of Light Due to Smoke in New York City—U. 5 
Public Health Service, Health News. The contamination of the 
atmosphere by smoke from the chimneys of private houses, office 
buildings, industrial plants, steam engines, tugs, and steamships 
has become a serious matter in several of the larger cities of the 
United States. The presence in the air of large numbers of particles 
of soot and ash, and of appreciable amounts of sulphuric acid and 
other impurities results in injury to trees and plants and in economic 
loss, and is a detriment to health. 

Since the injury to health is due, in part, to the loss of daylight 
and since the loss of daylight is a measure of the smokiness of the 
atmosphere, it seems desirable to determine, as far as possible, tle 
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exact amount of light which is lost because of smoke in a large city in 
different seasons of the year and at different hours of the day; and 
also the extent to which the loss of light is affected by the height, 
shape, and density of the smoke layer, the humidity of the air, the 
velocity and direction of the wind, and by other factors. 

A favorable opportunity for such a study offered itself in New 
York City during the year 1927, since simultaneous records of 
daylight could be conveniently made on the roof of the United States 
Marine Hospital at 67 Hudson Street, at the lower end of Manhattan 
Island, where the air was unusually smoky, and on the roof of a 
building at the United States Quarantine Station on Hoffman Island 
in lower New York Bay, about 9 miles south of the hospital, where 
the air was comparatively clear. The instruments used were of the 
type which have been in use in Washington, D. C., by the United 
States Public Health Service for recording daylight since July, 
1924. They consisted of photoelectric cells and recording potenti- 
ometers. 

The photoelectric cell was placed on the roof of the building 
where the study was to be made and the recording potentiometer 
was placed in a convenient position within the building. The plat- 
form was of such height that no shadows were cast upon the ceil at 
any season of the year, and was also so constructed that the cell 
was accessible, so that its glass surface could be kept clean. The 
cell at Hudson Street was about 79 feet above the street level and 
93 feet above mean high water. The cell on Hoffman Island was 
about 35 feet above the ground and 40 feet above high water. 

Comparison of the results obtained at the two places showed that 
there was a large relative loss of light at the Hudson Street Hospital 
due to smoke. In some cases the average hourly or daily loss was 
greater than 50 percent. The average percentage loss for the whole 
year was 16.6 for clear days, 34.6 for cloudy days, and 21.5 for all 
days. The results showed that the loss of light depends, among 
other things, upon the altitude of the sun, upon the nature of the 
daylight, whether from a clear or a cloudy sky, upon the relative 
humidity of the air, and upon the velocity of the wind. 

The effect of the altitude of the sun upon the percentage loss of 
light was shown clearly in the variation of the percentage loss with 
the hour of the day. The average percentage loss throughout the 
year was 30.2 at 8:30 A.M., 16.5 at 1:30 P.M., and 21.0 at 3:30 P.M. 
The average monthly percentage losses of light showed no marked 
seasonal effect but did show a marked relation to the average 
monthly relative humidities, the percentage losses usually increasing 
and decreasing with the relative humidities. For clear days the 
greatest average monthly percentage loss was 23.1 in November and 
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the least 12.1 in May, with corresponding average relative humidi- 
ties of 64.6 and 39.0 per cent. For cloudy days these values were 
52.7 in September and 24.6 in December, with corresponding aver- 
age relative humidities of 99.4 and 85.9 per cent. 

Other conditions being the same, the average percentage loss o| 
light was greater for cloudy days, or cloudy hours, than for clea: 
days, or clear hours; the percentage loss being about 1.5 times as 
great for cloudy days as for clear days for relative humidities be- 
tween 40 and 8o per cent. and for wind velocities between 10.0 and 
19.9 miles per hour. For the same kind of sky, clear or cloudy, 
the average percentage loss of light increased with increase of rela- 
tive humidity. For a clear sky the average percentage loss was 
twice as great for a relative humidity of 65 per cent. as for 35 per 
cent. Fora cloudy sky the increase with relative humidity was not 
as great. The percentage loss of light was also found to decrease 
as the velocity of the wind increased. 
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AWARDS BY THE INSTITUTE 


The following awards are made by The Franklin Institute: 


The Franklin Medal (Gold Medal).—This medal is awarded annually 
from the Franklin Medal Fund, founded January 1, 1914, by Samuel Insull, 
Esq., to those workers in physical science or technology, without regard to 
country, whose efforts, in the opinion of the Institute, acting through its Com- 
mittee on Science and the Arts, have done most to advance a knowledge of 
physical science or its applications. 


The Elliott Cresson Medal (Gold Medal).—This medal is awarded 
for discovery or original research, adding to the sum of human knowledge, 
irrespective of commercial value; leading and practical utilizations of dis- 
covery; and invention, methods or products embodying substantial elements of 
leadership in their respective classes, or unusual skill or perfection in work- 
manship. 

The Howard N. Potts Medal (Gold Medal).—This medal is awarded 
for distinguished work in science or the arts; important development of pre- 
vious basic discoveries ; inventions or products of superior excellence or utilizing 
important principles. 


The George R. Henderson Medal (Gold Medal).—This medal is to 
be awarded for meritorious inventions or discoveries in the field of railway 
engineering. 

The John Price Wetherill Medal (Silver Medal)—This medal is 
awarded for discovery or invention in the physical sciences or for new and 
important combinations of principles or methods already known. 


The Edward Longstreth Medal (Silver Medal).—This medal is 
awarded for inventions of high order and for particularly meritorious improve- 
ments and developments in machines and mechanical processes. In the event 
of an accumulation of the fund for medals beyond the sum of one hundred 
dollars, it is competent for the Committee on Science and the Arts to offer 
from such surplus a money premium for some special work on any mechanical 
or scientific subject that is considered of sufficient importance. 


The Louis E. Levy Medal (Gold Medal).—This medal is awarded 
to the author of a paper of especial merit, published in the JourNAL or THE 
FRANKLIN Institute, preference being given to one describing the author’s 
experimental and theoretical researches in a subject of fundamental importance. 


The Walton Clark Medal (Gold Medal).—This medal is awarded to the 
“author of the most notable advance in knowledge or improvement in apparatus, 
or in method concerning the science or the art of gas manufacture or distri- 
bution oF utilization in the production of illumination, or of heat, or of 
power. 


The Certificate of Merit.—A Certificate of Merit is awarded to persons 


adjudged worthy thereof for meritorious inventions, discoveries or improve- 
ments in physical processes or devices. 

The Boyden Premium.—Uriah A. Boyden, Esq., of Boston,.Mass., has 
deposited with The Franklin Institute the sum of one thousand dollars, to be 
awarded as premium to “any resident of North America who shall determine 
by experiment whether all rays of light and other physical rays are or are not 
transmitted with the same velocity.” 

For further information relating to these awards apply to the Secretary of the Institute. 
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